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= INTRODUCTION 



This is ihe User Reference Manual for the Apple II and Apple II Plus personal cnmpuiers. Like 
the Apple ilsell". Ihis book is a tool As wilh all tools, you should know a lililc aboul ii before 
you slarl lo use ii. 

This book will not leach you how lo program. It is a book of fads, noi methods. If you have 
jusi unpacked your Apple, or you do noi know how 10 program in any of the languages available 
for ii. Ihen before you coniinue with Ihis book, read one of the other manuals accompanying 
your Apple. Depending upon which varieiy of Apple you have purchased, you should have 
received one of Ihe following: 

Apple II BASIC Piimiwiiiiiiini; Manual 

(pari number A.2L0005) 

The Applesoft Tutorial 

fpart number A2L0018) 

These are tutorial manuals for versions of ihe BASIC language available on ihe Apple. They also 
include complete instructions on selling up your Apple, The Bibliography at ihe end of ihis 
manual lists oiher books which may interest you 

There are a few different varieties of Apples, und Ihis manual applies to all of them. It is possible 
lhal some of the features noted in this manual will noi be available on your particular Apple. In 
places where this manual meniions features which are noi universal lo all Apples, it will use a 
footnote 10 warn you of ihese differences. 

This manual describes ihe Apple II computer and its pans and procedures. There are sections on 
(he System Monitor, the input/outpui devices and their operaiion. the internal organization of 
memory and input/output devices, and the actual electronic design of the Apple itself. For infor- 
maiion on any oiher Apple hardware or software product, please refer lo Ihe manual accompany- 
ing thai producl. 
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For detailed information on setting up your Apple, refer to Chapter I of either the Apple BASIC 
Programming Manual 01 The Applesiifl Tulnrial !? 



In this manual, all directional instructions will refer to this orientation: with the Apple's 
typewriter-like keyboard facing you, "front" and "down" are towards the keyboard, "back" and 
'"up"* are away Remove the lid of the Apple by prying, up the back edge until il "pops", then 




Photo I. Tin- Apple II. 



THE POWER SUPPLY 

The metal box on the left side of the interior is the Power Supply. It supplies four voltages: 
+5v. — 5.2v, +11. 8v. and — I2.0v. It is a high-frequency "swilching*"-lype power supply, with 
many protective features to ensure that there can be no imbalances between the different sup- 
plies The main power cord for the computer plugs directly inio the hack of the power supply 
The power-on switch is also on the power supply itself, to protect you and your fingers from 
accidentally becoming part of the high-voltage power supply circuit. 
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1 10 voll model 110/220 volt model 



Pholo 2. The back of the Apple Power Supply. 

THE MAIN BOARD 

The large green printed circuit board which takes up most of Ihe bottom of Ihe case is the com- 
puter ilSL'ir. There are two slightly different models d ihe Apple II main board: the original 
(Revision 01 and the Revision 1 board. The slight differences between Ihe two lie in Ihe elec- 
tronics on the board. These differences are discussed throughout this book. A summary of (he 
differences appears in Ihe section "Varieties of Apples" on page 25. 

On this hoard there are about eighty integrated circuits and a handful of other components. In 
the center of the board, just in front of the eight gold-tooihed edge connectors ("slots") at the 
rear of the board, is an integrated circuit larger than all others. This is the brain of your Apple. 
It is a Syncrtck/MOS Technology 6502 microprocessor. In the Apple, it runs ai a rate of 
1,023,000 machine cycles per second and can do over five hundred thousand addition or subtrac- 
tion operations in one second. It has an addressing range of 65,536 eight-bit bytes. lis repertory 
includes 56 instructions with 13 addressing modes. This microprocessor and other versions of it 
are used in many computers systems, as well as other types of electronic equipment. 

Just below the microprocessor are sin sockets which may be tilled with from one to six slightly 
smaller integrated circuits. These ICs are the Read-Only Memory (ROM) "chips" for the Apple. 
They contain programs for the Apple which arc available (he moment you turn on the power. 
Many programs are available in ROM. including the Apple System Monitor, the Apple Autostart 
Monitor, Apple Integer BASIC and Applesoft II BASIC, and the Apple Programmer's Aid it 1 util- 
ity subroutine package. The number and contents of your Apple's ROMs depend upon which 
type of Apple you have, and the accessories you have purchased 

Right below the ROMs and the central mounting nut is an area marked by a white square on the 
board which encloses twenty-four sockets for integrated circuits. Some or all of these may be 
filled with ICs. These are the main Random Access Memory (RAM) "chips" for your Apple 
An Apple can hold 4.096 to 49,152 bytes of RAM memory in these three rows of components,* 
Kach row can hold eight ICs of either the 4K or I6K variety. A row must hold eight of the same 

• You tun enttrnJ your RAM memory if MK by purchasing iho Apple Language Card, pan of iKe Apple 
Unjuiuge SyMcm (pari number A2BD006). 
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lype of memory components, bul the two lypes can boih be used in various combinations on 
different rows to give nine different memory sizes." The RAM memory is used to hold all ol the 
programs and data which you are using at any particular time The information stored In RAM 
disappears when the power is turned off. 

The other components on the Apple II board have various functions: they control the Row ol 
information from one pari or the computer to another, gather data from the outside world, or 
send information to you by displaying ii on a television screen or making a noise on a speaker. 

The eight long peripheral slots on the back edge of the Apple's hoard can each hold a peripheral 
card to allow you to extend your RAM or ROM memory, or to connect your Apple to a printer or 
mher input/output device. These slots arc sometimes called the Apple's ' backplane" or 
"mother board". 



TALKING TO YOUR APPLE 

Your link to your Apple is at your fingertips. Most programs and languages that are used with 
the Apple expect you io talk to them through the Apple's keyboard. H looks like a normal type- 
writer keyboard, except for some minor rearrangement and a few special keys. For a quick 
review on the keyboard, sec pages 6 through 12 in the Apple II BASIC Prograniminn Manual 
or pages 5 through 1 1 in The Applesoft Tutorial 

Since you're talking with your lingers, you might as well be hearing with your eyes. The Apple 
wiU tell you what it is doing by displaying letters, numbers, symbols, and sometimes colored 
blocks and lines on a black-and-white or color television set. 



i 

r 
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* Tbe Apple II n designed lo use btWll <hc I6K and the less expciBivc 4K RAM* llciwevet. due io ihc greater 
uvailiihilily and reduced cost of Ihc I6K Chips. Apple now HippBtS nnly (be tbK RAM* 
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THE KEYBOARD 



i in, Appit Keyboard 








Number of Keys: 


52 






Coding: 


Upper Case ASCII 




Number of codes 


91 






Output: 


Seven bils. plus strobe 




Power requirements: 


+5v at 120mA 
-12v at 50mA 






Rollover: 


2 key 






Special keys. 


CTRL 

ESC 

RESET 

REPT 






Memory mapped locations: 


Hex 

Data SCflM 
dear $£010 


Decimal 
49152 
49168 


-16384 
- 1 6368 



The Apple II has a huili-in 52-key lypewriter-like keyboard which communicates using ihe Amer- 
ican Siandard Code Tor Infbrmalion Interchange (ASCII)*. Ninety-one of Ihe 96 upper-case 
ASCII characters can be generated directly by the keyboard. Table 2 shows the keys on the key- 
board and their associated ASCII codes. "Photo" 3 is a diagram of the keyboard. 

The keyboard is electrically connected lo the main circuil board by a 1 6-conductor cable with 
plugs at each end (hat plug into standard integrated circuit sockets. One end of this cable is con- 
nected to the keyboard, the oiher end plugs into the Apple board's keyboard connector, near the 
very front edge of ihe board, under ihe keyboard itself. The electrical specifications for this con- 
nector are given on page 102. 

Most languages on the Apple have commands or statements which allow your program to accepi 
input from the keyboard quickly and easily (for example, ihe INPUT and GET statements in 
BASIC). However, your programs can also read the keyboard directly. 



' All ASCII miles used by ihe Apple nornully have Iheir high <iii sei This is Ihe same as standard miirk- 
ptrftj ASCII 
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••Photo" 3. The Apple Keyboard- 



READING THE KEYBOARD 



The keyboard sends seven bits of information which iogelher form one character. These seven 
bits, along with another signal which indicates when a key has been pressed, are available to most 
programs as the contents of a memory location. Programs can read the curreni state of the key- 
board by reading the contents of this location When you press a key on the keyboard, the value 
in this location becomes 128 or greater, and the particular value it assumes is the numeric code 
("or the character which was typed. Table 3 on page 8 shows the ASCII characters and their asso- 
ciated numeric codes. The locution will hold this one value until you press another key. or until 
your program tells the memory location to forget the character it's holding. 

Once your program has accepted and understood a keypress, it should tell the keyboard's memory 
location to ••release"" the character it is holding and prepare to receive a new one Your program 
can do this by referencing another memory location When you reference this other location, the 
value contained in the first location will drop below 128. This value will stay low until you press 
another key. This action is called "clearing the keyboard sirobe". Your program can cither read 
or write to the special memory location; the data which are written to or read from that location 
are irrelevant h is the mere reference to the location which clears the keyboard strobe. Once you 
have cleared the keyboard strobe, you can still recover the code for the key which was last 
pressed by adding 128 (hexadecimal S80) to the value in the keyboard location. 

These are the special memory locations used by the keyboard: 



Table 1: keyboard Special Locations 



Location: 
Hex 



Decimal 



Description 



SC000 49152 -16384 Keyboard Data 



SC0 10 49168 -16368 Clear Keyboard Strobe 



The [RESETl key at the upper right-hand corner does not generate an ASCII code, but instead is 
directly connected to the microprocessor. When this key is pressed, all processing stops. When 
the key is released, the computer starts a reset cycle. See page 36 for a description of the RESET 
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function. 

The |CTRL| and [SH1FT| keys generate no codes by themselves, bul only alter lhe codes produced 
by oiher keys. 

The |REPT| key, il* presse d alone , produces a duplicate of the last code that was generated. If you 
press and hold down the |REPT| key while you are holding down a chnracier key, it will aci as if 
you were pressing thai key repeatedly at a rale of 10 presses each second. This repetition will 
cease when you release either the character key or IftEPTl 

The POWER light at lhe lower left-hand corner is an indicator lamp to show when lhe power lo 
the Apple is on. 



Table 2: Keys and Their Assncialed ASCII Cudt-s 



Key 


\lone 


CTRL 


SHIFT 


Both 


Key 


Alone 


CTRI 


SHIM 


Both 


space 


S \« 


SAf 


SAd 


SA0 


RETURN 


S8D 


S8D 


S8D 


S8D 





SHU 


sue* 


SUB 


SB0 


G 


SC7 


S87 


SC7 


S87 


I! 


SBl 


SBl 


SA9 


SAI 


II 


SC8 


S88 


SC8 


S88 


2" 


SB2 


SB2 


SA2 


SA2 


1 


SC9 


S89 


SC9 


$89 


3# 


SB3 


SB3 


SA3 


SA3 


J 


SCA 


S8A 


SCA 


S8A 


4$ 


SB4 


SB4 


SA4 


IA4 


K 


SCB 


S8B 


SCB 


S8B 


5% 


SBS 


SB5 


SaS 


SA5 


L 


see 


S8C 


sec 


S8C 


t>& 


$B6 


%m 


$A6 


SA6 


M 


sen 


S8D 


SDD 


S9D 


7" 


SB7 


SB7 


SA7 


SA7 


N" 


S( 1. 


S8E 


SDE 


S9E 


8< 


SBK 


SBS 


SAS 


SAS 





SCF 


S8F 


SCF 


S8F 


9) 


SIC 


SB9 


SA9 


SA9 


P@ 


SD0 


S90 


SCB 


580 




SBA 


SBA 


SAA 


SAA 


Q 


SDt 


$91 


SD1 


S9I 


:+ 


SBB 


SBB 


SAB 


SAB 


R 


SD2 


$92 


SD2 


S92 


.< 


SAC 


SAC 


SBC 


SBC 


S 


SD3 


$93 


SD3 


S93 




SAD 


sad 


SBD 


SBD 


T 


SD4 


$94 


SD4 


S94 


> 


SAE 


SAE 


$BE 


sbe 


U 


SD5 


$95 


SD5 


S95 


n 


SAF 


SAF 


SBF 


SBF 


V 


SD6 


S9b 


SDb 


S96 


A 


SCI 


SSI 


SCI 


SSI 


w 


SD7 


$97 


SD7 


S97 


B 


(C2 


$82 


SC2 


S82 


X 


SD8 


$98 


SD8 


S98 


( 


$C3 


$83 


SC3 


583 


Y 


SD9 


$99 


SD9 


S99 


D 


SC4 


$84 


SC4 


S84 


Z 


SDA 


S9A 


SDA 


S9A 


E 


SC5 


$85 


SC5 


S85 




S88 


$88 


S88 


S88 


1 


SCfi 


$86 


SC6 


S86 




S95 


$95 


S95 


S95 












ESC 


$9B 


$9B 


$4B 


V.'B 



All codes are given in hexadecimal. To find lhe decimal equivalents, use Table 3. 
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Table 3: The ASCII Character Set 



Decimal 


128 


144 


160 


176 


192 


208 


224 


240 




Hex: 


sm 


S9a 


SAG 


SB0 


sea 


SD0 


SEfl 


SF0 





se 


nul 


die 




^ 


@ 


P 




P 


1 


SI 


soh 


del 


i 


l 


A 





a 


1 


2 


$2 


stx 


dc2 




2 


B 


R 


b 


r 


3 


S3 


etx 


dc3 


# 


3 


C 


S 


c 


s 


4 


14 


eot 


dc4 


S 


4 





T 


.1 


l 


; 


S5 


enq 


nak 


**■ 


5 


E 


U 


e 


u 


6 


$6 


ack 


syn 


& 


6 


I- 


V 


f 


V 


7 


$7 


bel 


eib 




7 


G 


w 




Vk 


8 


S8 


bs 


can 


< 


i 


II 




h 


X 


9 


S9 


hi 


em 




9 


1 


s 


i 


1 


10 


$A 


ir 


sub 


■ 




1 


z 


i 


I 


U 


SB 


vt 


esc 


+ 




K 


I 


k 


1 


12 


SC 


ff 


fs 




< 


1 


V 


1 




13 


SD 


cr 


gs 






M 


I 


m 


1 


14 


$E 


so 


rs 




> 


N 




n 


rub 


15 


SF 


bi 


us 


/ 













Groups Of two and three lower case letters are abbreviations for standard ASCII control charac- 
ters. 



Not all the characters listed in this table can be generated by the keyboard. Specifically, the char- 
acters in the two rightmost columns (the lower case letters), the symbols ( (left iiquare bracket). \ 
(backslash). _ (underscore), and the control characters "fs". "us", and "rub", are not available 
on the Apple keyboard. 

The decimal or hexadecimal value For any character in the above table is the sum of the decimal 
or hexadecimal numbers appearing at the top of the column and the lefl side of the row in wNctl 
the character appears. 




THE APPLE VIDEO DISPLAY 



The Apple Video Display 


Display type: 


Memory mapped into system RAM 


Display modes 


Text, Low-Resolution Graphics. 
High-Resolution Graphics 


Text capacity: 


960 characters (24 lines, 40 columns) 


Character type: 


S x 7 dot matrix 


Character set: 


Upper case ASCII, 64 characters 


Character modss: 


Normal, Inverse. Flashing 


Graphics capacity: 


1.920 blocks 1 Low-Resolution I 

in a 40 by 48 array 
53.760 dots (High-Resolution) 

in a 280 by 192 array 


Number of colors: 


16 (Low-Resolution Graphics) 
6 (High-Resolution Graphics) 



THE VIDEO CONNECTOR 

In the right rear corner of the Apple II board, there is a metal connector marked "VIDEO". 
This connector ullows you to attach a cable between the Apple and a closed-circuit video monitor. 
One end of the connecting cable should have a male RCA phono jack to plug into the Apple, and 
the other end should have a connector compatible with the particular device you are using Trie 
signal that comes out of this connector on the Apple is similar to an Electronic Industries Associ- 
ation (EIAJ-standard. National Television Standards Committee (NTSC)-compatible. positive 
composite color video signal. The level of this signal can be adjusted from zero to I volt peak by 
the small round potentiometer on the right edge of the board about three inches from the back of 
the board. 

A non-adjustable, 2 volts peak version of the same video signal is available in two other places: 
on a single wire-wrap pin* on the left side of the board about two inches from the back of the 
board, and on one pin of a group of four similar pins also on the left edge near the back of the 
board The other three pins in this group are connected to —5 volts. +12 volts, and ground. 
See page 97 for a full description of this auxiliary video connector. 



* This pin is noi present in Apple II systems, vmh ihe Revision A botrd 




Auxiliary Video 
Ouipul Conned or 



Auxiliary Video Pin 



Level Adjustment 
Potentiometer 



Color Trim 
Adjustment 



I'lioto -I The Video Connt-ctors and Potentiometer. 

EURAPPLE (50 HZ) MODIFICATION 



Your Apple tan be modified tC generate a video signal compatible with the CCIR standard used 
in many European countries. To make this modification, just Oil the LWO X-shuped pads cm the 
right edge of" the board about nine inches from the back of Ihe board, and solder together the 
three O-shapcd puds in the same locations (sec photo 5). You can then connect the video con- 
nector of your Apple to a European standard closed-circuit black-and-white or color video moni- 
tor. If you wish, you can obtain a "Eurocolor" encoder to convert the video signal into a PAL or 
SFCAM standard color television signal suitable for use with any European television receiver. 
The encoder is a small printed circuit board which plugs into the rightmost peripheral slot (slot 71 
in your Apple and connects In the single auxiliary video output pin. 



WARNING: This modification will void ihe warranty on your Apple and requires 
the installation of ■ different mam crystal. This modiricuiion is not for beginners. 



SCREEN FORMAT 

Three different kinds of information can be shown on the video display to which your Apple is 
connected: 



10 






RAM "**• ' 

I ;*LS\J3 




I I t I I . • ■ m 
P • •-• I 

. .. 



7a JjSlBl ^SIJ}^ 74^S161 7JLS161 

- ~* j> • 




jumper pads 



i ■ • • • i i • i i • 

' ' II iiTaf"^ ^*-^ ! 



Photo 5. L'urapplc (50 hz) Jumper Pads. 

I) Text. The Apple can display 24 lines of numbers, special symbols, and upper-case letters 
With -40 of ihese characters on each line. These characters are formed in a doi matrix 7 dots 
high and 5 dots wide. There is a one-iloi wide space on either side of the charucler and u one- 
dot high space above each line. 

2 J Low-Rtsalullnn Graphics. The Apple can present 1,921) colored squares in an Bfraj -10 
blocks wide and 48 hlocks high. The color of each block can be selected from a set of sixteen 
different colors. There is no space between blocks, so that any two adjacent blocks of the 
same color look like a single, targer block 

3) Iligh-Resnluiion Graphics The Apple can also display colored dots on a matrix 280 dots 
wide and 192 dots high The dots are the same size as the dots which make up the Text char- 
acters. There arc six colors available in the High-Resolution Graphics mode: black, while, red. 
blue, green, and violet,* Each dot on the screen can be cither black, white, or a color, 
although not all colors are available for every dol. 

When the Apple is displaying a particular type of information on the screen, it is said to be in 
lhat particular "mode". Thus, if you see words and numbers on the screen, you can reasonably 
be assured that your Apple is in Text mode. Similarly, ir you see a screen Tull of multicolored 
blocks, your computer is probably in Low-Resolution Graphics mode. You can also have a four- 
line "caption" of text at the bottom of either type of graphics screen These four lines replace 



hit! Apples »nh RctfMiM fl boards, iherc are four colnr* black, while, green, and violei 
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ihe lower 8 rows of blocks in Low-Resolution Graphics, leaving a 40 by 40 amy. In High- 
Resolution Graphics, ihey replace the bottom 32 rows of dots, leaving a 280 by lr-0 matrix. You 
can use these "mixed modes" to display text and graphics .simultaneously, but ihere is no way to 
display both graphics modes at the same lime. 



SCREEN MEMORY - 

The video display uses information in the system "s RAM memory to generate its display. The 
value of a single memory location controls the appearance or a certain, fixed object on the screen. 
This object cun be a character, two stacked colored blocks, or a line of seven dots. In Text and 
Low- Resolution Graphics mode, an area or memory containing 1.024 locations Is used us the a-, 
source or the screen information. Text and Low- Resolution Graphics share this memory area. In 
High-Resolution Graphics mode, a separate, larger area lfi.192 locations) is needed because ol ^ 
the greater amount of information which is being displayed. These areas or memory are usually ■= 
called "pages". The area reserved for High-Resolution Graphics is sometimes called the "picture 
buffer" because it is commonly used to store a picture or drawing. fc- 



SCREEN PAGES 



There are actually nW> areas from which each mode can draw its information. The first area is 
called the "primary page" or "Page 1" The second area is called the "secondary page" or 
"Page 2" and is an area of the same size immediately following the first area. The secondary 
page is useful for storing pictures or text which you want to be able to display instantly. A pro- 
gram can use ihe two pages to perform animation by drawing on one page while displaying the 
other and suddenly Hipping pages. 

Text and Low-Resolution Graphics share the same memory range for the secondary page, just as 
they share the same range for the primary page. Both mixed modes which were described above 
are also available on Ihe secondary page, but there is no way to mix the two pages on the same 
screen 



Table 4: Video Display Memory Ranges 


Screen 


Page 


Begins at 
Hex 


Decimal 


Ends at 




Texi/Lo 


Res Primary 
Seci md.iry 


S40D 
S800 


1024 
2048 


S7FF 
SHI 1 


2047 
3071 


1 li-Res 


Primary 
Secondary 


S2000 
S4M0 


8192 
16584 


S3FFF 
S5FFF 


16383 
24575 



SCREEN SWITCHES 



The devices which decide between the various modes, pages, and mixes are called "sort 
switches" They arc switches because they have two positions Ifor example: on or off. text or 
graphics) and they are called "soft" because they are controlled by the software of the computer 
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A program fan "throw" a switch by referencing ihe special memory location for lhnt switch. The 
data which arc read from or written to ihe location arc irrelevant; il is the reference in ihe address 
of the location which throws the switch. 

There are eight special memory locations which control the setting or the soft switches for the 
screen. They are set up in pairs; when you reference one locution of Ihe pair you turn its 
corresponding mode "on" and its companion mode "off'. The pairs are: 







lahle 5: 


*eriTii Soft Suitdu'v 


Location 
Hex 


Decimal 




Description. 


SC050 
SC05I 


49232 
49233 


-16304 
-16303 


Display a GRAPHICS mode 
Display TEXT mode. 


St.tl? 3 


49234 
49235 


-16302 
-16301 


Display all TEXT or GRAPHICS. 
Mix TEXT and a GRAPHICS mode ' 


SC054 

terns 


49236 
49237 


•16300 
•16299 


Display ihe Primary page (Page 1 >. 
Display Ihe Secondary page (Page 2). 


SC0S6 
SC057 


49238 
W39 


-11.298 
-16297 


Display LO RES GRAPHICS mode.' 
Display HI-RES GRAPHICS mode.' 



There are ten distinct combinations of these swilehs 





Table 6: 


Screen Mode Combinations 




Primary Page 


Secondary Page 


Screen 


Switches 




Screen 


Switches 




All Text 


SC054 


SC05I 


All Text 


SC055 


SC051 


All Lo-Rcs 
Graphics 


SC054 
SC052 


SC056 
SC050 


All Lo-Res 
Graphics 


SC055 
St 052 


SC056 
SC050 


All Hi-Res 
Graphics 


SC054 
SC052 


SC057 

st m 


All Hi- Res 
Graphics 


SC055 
SC052 


SC057 
SC050 


Mixed Text 
and Lo-Res 


SC054 
SC053 


SC056 
SC050 


Mixed Text 
and Lo-Res 


SC0S5 
SCA53 


SC056 
SC050 


Mixed Text 
and Hi-Res 


SC054 
SC053 


SC057 
5( 050 


Mixed Text 
and lli-Rcs 


SC«55 
SC053 


SC057 
5C050 



(Those of you who are learned in the ways or binary will immediately cry out, 'Where's the 
other six?!", knowing Ml well that with 4 two-way switches there are indeed sixteen possible 
combinations. The answer lo the mystery of the six missing modes lies in the 
TEXT/GRAPHICS switch, When the computer is in Text mode, it can also be in one of six 
combinations of Ihe Lo-Res/Hi-Res graphics mode, "mix" mode, or page selection But since 
the Apple is displaying text, these diflercm graphics modes are invisible ! 

To set the Apple into one of these modes, a program needs only lo refer to the addresses of the 
memory locations which correspond to the switches that Set that mode. Machine language pro- 
grams should use the hexadecimal addresses given above: BASIC programs should PEEK or 
POKE their decimal equivalents (given in Table 5. 'Screen Soft Swilches". above). The 
switches may be thrown in any order; however, when switching into one of the Graphics modes, 
it is helpful to throw the TEXT/GR APHICS switch last. All the other changes in mode will then 
take place invisibly behind Ihe text, so that when the Graphics mode is set, the finished graphics 

" These moilcs .ire unly tivHe if ihe "Disi'ki OKA PI I ICS " swik-h It -on" 
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screen appears all at once 



THE TEXT MODE 

In the t«l mode, .he Apple can display 24 tin* of characters with up to 40 chaffs * 

line. Each character on the screen represents the contents ol one memory locauon from the 

memory range or .he page being displayed. The character set includes the 26 

Z 10 ciig.ts and 28 special characters for a total of 64 characters. The characters are tanned m j 

do, matrix 5 dots wide and 7 dols h,gh. There is a one-dot wide space on both wjetof j«h 

character to separate adjacent characters and a one-do, high space above e.ch ^*<l"«"» 

separate adjacent lines. The characters are normally formed with white dots «.n a dark back 

.round however, each character on the screen can also be displayed ustng dark dots 

S Ind TSAm be.ween the two to produce a "J"** Jg 

Display is in Text mode, the video circuitry in the Apple turns off the color burst signal 10 the 

television monitor, giving you a clearer black-and-white display.' 

The area or memory which Is used for the primary text page starts at location number IJ24 and 
x.ends to location number 2047 The secondary screen begins at ItpUta 
extends un 10 location 3»7I. In machine language, the primary page ,s rrom hexadcc.mal address 
SSZ undress *7FF: the secondary page is from SIM to SHFF Each ol these pages is 1.024 
hv^s Lf Those Of you .n.repid enough to do the muhtphcat.on will realty that there arc onl 
960 characters displayed on the screen. The remaining 64 bytes in each *»««^" 
displayed on the screen are used as temporary storage locations by programs stored m PROM 
Apple Intelligent Interface"' peripheral boards (see page 82> 

Photo 6 shows the sixty-four characters available on the Apple's screen. 



6ABCDEFGH1 JKLMHO 
PQRSTUUWXYZC^3-. 

| « # * ft. I ' < >* + #--' 
0123456789 ;< = >? 



Photo 6. The Apple Character Set. 



Table 7 gives the decimal and hexadecimal codes Tor the 64 characters In normal, inverse, and 
flashing display modes 

• TtiKlcalure is not pio«:nt r.n ihe Kcviiion U board. 
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e 

I 

5 

r- 



IS 



P 



St 



■s. 



DC 



00 



DO 



00 



so 



I - --- - - 

±, ^ w ^ ^ 
i» ff. 00 ® w 



is o. 'j^ s 

4^ ffS r-> -U 



-r"!Z!5ivo--!cr- ! - / "-f*-f->- — ^ 



7i 



/ 



i 
i 
^ 
ii 

ii 
ii 

i* 

15 
16 

n 
is 

19 
M 

21 

a 

a 

M 

is 
26 

27 
21 

29 
H 

31 
33 
33 
34 
JS 
It 

31 



n 



J"™ 

HI 
m 

s» 

»T 
Srts 

S8A 

sar 

SUD 

SBt 
»F 
Sll 

511 
$12 
Sl3 
SH 
S15 
U6 

in 

sit 

SI9 
S.IA 
SIB 
SIC 
SID 
SIE 
SIF 
Hi 
«l 
Sll 
SO 
S14 
Hi 

SJ6 



16 



Figure 1 is a map of the Apples display in Text mode, wilh the memory I oca I ion addresses lor 
each character position 00 the screen. 

THE LOW-RESOLUTION GRAPHICS (LORES) 
MODE 

In the Low-Resolution Graphics mode. Ihe Apple presenis the contents of the same 1.024 loca- 
tions or memory js is In the Text mode, but in a different format, In this mode, each byte or 
memory is displayed not as an ASCII character, hui as two colored blacks, stacked one atop the 
other. The screen can show an array or blocks 40 wide and 48 high. Each block can be any ol 
sixteen colors. On a black-and-white television set. the colors appear as patterns of grey and 
while dots. 

Since each byte in the page or memory for Low-Resolution Graphics represents two blocks on Ihe 
screen, slacked vertically, each byte is divided into two equal sections, called (appropriately 
enough* "nybbles". Each nybble can hold a value rrom zero to 15. The value which is In the 
lower nybble ol the byte determines the color (or the upper block or that byte on the screen, and 
the value which is in the upper nyhhlc determines the color for the lower block on the screen. 
The colors are numbered zero io 1 5. thus: 



Table R: Low-Resolution Graphics Colors 



Decimal 


Ilex 


Color 


Decimal 


Hex 


Color 





SO 


Black 


S 


S8 


Brown 


1 


SI 


Magenta 


9 


S9 


Orange 


2 


S2 


Dark Blue 


II 


SA 


Grey 2 


3 


$1 


Purple 


11 


SB 


Pink 


4 


S4 


Dark Green 


12 


sc 


Light Green 


5 


ss 


Grey 1 


13 


SD 


Yellow 


h 


S6 


Medium Dlue 


u 


SE 


Aquamarine 


7 


S7 


Light Blue 


13 


SF 


Whue 



(Colors may vary from television to television, particularly on those without hue controls. You 
can adjust the tint or the colors by adjusting the COLOR TRIM control on the right edge of the 
Apple board.) 

So. a byte containing the hexadecimal value SD8 would appear on the screen as a brown block on 
top er a yellow block. Using decimal arithmetic, the color of the lower block is determined by 
the quotient or the value of the byte divided by 16: the color or the upper block is determined by 
ihe remainder 

Figure 2 ts a map of the Apple's display in Low- Resolution Graphics mode, with the memory 
location addresses for each block on the screen. 

Since the Low-Resolution Graphics screen displays the same area in memory as is used for the 
Text screen, interesting things happen if you switch between the Text and Low-Resolution 
Graphics modes. For example, if the screen is in the Low-Resolution Graphics mode and is full 
of colored blocks, and then the TEXT/GRAPHICS screen switch is thrown to the Text mode, the 
screen will be filled with seemingly random text characters, sometimes inverse or flashing. Simi- 
larly, a screen full of text when viewed in Low-Resolution Graphics mode appears as long hor- 
izontal grey. pink, green or yellow bars scparuled by randomly colored blocks. 
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9 




<• 


MA 


II 


»B 


12 


5* 


IJ 


S*D 


H 


$*l 


IS 


SKh 


16 


310 


IT 


ill 


IS 


$12 


J? 


S13 


2» 


SH 


:i 


SIS 


22 


Sib 


:j 


SI? 


7* 


$is 


is 


III 


J6 


SI A 


27 


SlU 


3* 


SIC 


It 


5ID 


it 


Sit 


31 


IIF 


32 


S3* 


33 


SJI 


34 


$22 




S23 


36 


524 


3T 


52* 


H 


$26 


39 


S27 



Figure 2. Map of Hie I nw -Kesului inn Graphics Mode 
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THE HIGH-RESOLUTION GRAPHICS (HI-RES) 
MODE 



The Apple has a second lype or graphic display, called High-Resolution Graphics (or sometimes 
"Hi-rcs"). When your Apple is in ihe High-Resolution Graphics mode, ii can display 53.760 
dols en a mairix 280 dots wide and 192 dots high. The screen can display black, while, violel, 
green, red. and blue dois. although there are some limitations concerning the color of individual 
dots. 

The High-Resolution Graphics mode takes its data from an 8.192-byic area of memory, usually 
called a "picture buffer". There are two separate picture bulTers: one for the primary page and 
one Tor the secondary page. Both of these buffers are independent of and separate from the 
memory areas used Tor Teal and Low-Resolution Graphics. The primary' page picture buffer for 
the High-Resolution Graphics mode begins at memory location number 8192 and extends up to 
location number 16383: the secondary page picture buffer follows, un the heels of ihe first at 
iiiciiinrj iirc.iliim number 16384, extending up In location number T4^7^ h» r thme of you vmh 
sixteen fingers, the primary page resides from S2000 to S3FFF and the secondary page follows in 
succession at to S5FFF. If your Apple is equipped with 16K (16,384 bytes) or less of 

memory, then the secondary page is inaccessible to you; if its memory size is less than I6K.. then 
the entire Nigh-Resolution Graphics mode is unavailable lo you. 

Each Joi on the screen represents one bit from the picture buffer. Seven of the eight bits in each 
byte are displayed on the screen, with the remaining hii used to select ihe colors of ihe dots in 
that byte. Forty bytes are displayed on each line of the screen. The least significant bit (first bit) 
of the first byte in the line is displayed on the left edge of ihe screen, followed by the second bit, 
then Ihe Ihird, etc. The most significant (eighth) bil is not displayed. Then follows the first bit 
of the ncxi byte, and so nn A total of 280 dots are displayed on each of ihe 192 lines of the 
screen 

On a black-and-white moniior or TV set, the dots whose corresponding bits are "on" (or equal to 
1) appear white: Ihe dots whose corresponding bils are "off" or (equal to 0) appear black. On a 
color monitor or TV, it is not so simple. If a bit is '"off", ils corresponding dot will always be 
black. If a bil is "on", however, its color will depend upon ihe posiiion of thai do) on ihe screen 
If the dot is in ihe leftmost column on ihe screen, called "column 9", or in any even-numbered 
column, then it will appear violet. If the dot is in ihe rightmost column (column 279) or any 
odd-numbered column, then it will appear green. If two dots are placed side-by-side, they will 
both uppear white. IT Ihe undisplaced bit of a byte is turned on. then the colors blue and red arc 
substituted lor violet and green, respectively." Thus, there are six colors available in the lligh- 
Resoluiion Graphics mode, subject to the following limitations: 

1 1 Dols in even columns musi be black, violet, or blue. 

21 Dols in odd columns must be black, green, or red. 

3) Each byte must be cither a violet/green byte or a blue/red byte. Ii t.s not possible lo mix 
green and blue, green and red. violet and blue, or violei and red in the same byte 



* On Revision W Apple t>u,irdv Ihe colors rciJ uniJ blue jrc unnvuiluMc unii ihe sciiiriK of lhc iijhlh hil is ir 
relcvanl 
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4) T*o colored dnis side by side always appear while, even if they are in different bytes. 



5) On European-modified Apples, ihesc rules apply but (he colors generated in the High- 
Resolution Graphics mode may differ 

Figure 3 shows ihe Apple's display screen in High-Resolution Graphics mode with ihe memory 
addresses of each line on the screen 



OTHER INPUT/OUTPUT FEATURES 



Apple Input/Output Features 

Inputs: CBSKtte Input 

Three One-bit Digital Inputs 
Four Analog Inputs 

Outputs: Cassette Output 
Built-in Speaker 
Four "Annunciator'" Outputs 
Utility Strobe Oulput 



— « 



THE SPEAKER 



Inside the Apple's case, on the left side under the keyboard, is a small 8 ohm speaker. It is con- 
nected to the internal electronics of the Apple so that a program can cause it to make various 
sounds. 

The speaker is controlled by a soft switch. The switch can put the paper cone of the speaker in 
two positions: "in" and "out" This soft switch is not like the soft switches controlling the vari- 
ous video modes, but is instead a ftuse/r switch. Each time a program references the memory 
address associated with the speaker switch, the speaker will change slate change from "in" lo 
"out" or vice-versa Each time the state is changed, the speaker produces u tiny "click". By 
referencing the address of the speaker switch frequently and continuously, a program can gen- 
erate a sleady tone from the speaker. 

The sofi switch for the speaker is associated with memory location number 49200. Any reference 
10 this address (or the equivalent addresses -16336 or hexadecimal SC'03(J) will cause the speaker 
to emit a click. 

A program can "reference" the address of the special location for the speaker by performing a 
"read" or "write" operation to that address. The data which are read or written are irrelevant, as 
it is the address which throws the switch. Note that a "write" operation on Ihe Apple's 654)2 
microprocessor actually performs a "read" before the "write", so that if you use a "write" 
operation to flip any soft switch, you will actually throw that switch WW For toggle-type salt 
switches, such us the speaker switch, this means that a "write" operation lo the special location 
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controlling the switch will leave ihe switch in the same stale it was in before the operation was 
performed. 



THE CASSETTE INTERFACE — 

On the back edge of the Apple's mam board, on the right side next to the VIDEO connector, are ^ 
two small black packages labelled "IN** and "OUT". These are miniature phone jacks into which 

you can plug u cable which has a pair of miniature phono plugs on each end The other end of ^ 

this cable can be connected to a standard cassette tape recorder so that your Apple can save inlor- 
mation on audio cassette tape and read it back again. 



The connector marked "OUT" is wired to yet another soft switch on the Apple board. This is JM* 
another toggle switch, like the speaker switch (see above). The soft switch for the cassette out- 

put plug can be toggled by referencing memory location number 49184 tor the equivalent -16352 ^ 
or hexadecimal SC020). Referencing this location will make the voltage on the OUT connector 

swing from zero to 25 millivolts (one fortieth of a volt), or return from 25 millivolts back to j 

zero, ir the other end of the cable is plugged into the MICROPHONE input or a cassette tape ±* 
recorder which is recording onto a tape, ihis will produce a tiny "click'" on the recording. By 

referencing the memory location associated with the cassette output sort switch repeatedly and jgj 
frequently, a program can produce a tone on the recording. By varying the pitch and duration or 

this lone, information may be encoded on a tape and saved for later use Such a program to t 

encode daia on a tape is included in the System Monitor and ts described on page 46. J""* 

Be forewarned that if you attempt to flip the soft switch for the cassette output by writing to its g| 
special location, you will actually generate iWO '-clicks" on the recording. The reason for this is 

mentioned in the description of the speaker (above). You should only use "read" operations __. 

when loggling the cassette output soft switch. — 

The other connector, marked "IN", can be used to "listen" to a cassette tape recording Us 
main purpose is to provide B means of listening to tones on the tape, decoding them into data, 
and storing them in memory. Thus, a program or data set which was stored on cassette tape may — 
be read back in and used again. 

The input circuit takes a I volt (peak-to-peak) signal from the cassette recorder's EARPHONE £ 
jack and converts it into a siring of ones and zeroes. Each lime the signal applied to the input — 
circuit swings from positive to negative, or vicc-versa, the input circuit changes state: if it was _ < 
sending ones, it will slart sending zeroes, and vice versa. A program can inspect the stale ol the _»*t 
cassette input circuit by looking at memory location number 49248 or the equivalents -16288 or 
hexadecimal SC060 If the value which is read from this location is greater than or equal to 128. ^ 
Ihen the state is a "one": if the value in the memory location is less than 128. then the state is a 
"zero". Although BASIC programs can read the state of the cassette input circuit, the speed of a . 
BASIC program is usually much loo stow to be able to make any sense out of what it reads 
There is. however, a program in the System Monitor which will read ihe tones on a cassette tape 
and decode them. This is described on page 47. ^ 
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THE GAME I/O CONNECTOR 



The purpose of the Game I/O connecior is 10 allow you to connect special input and output dev- 
ices 10 heighten the effect of programs in general, and specifically, game programs This connec- 
tor allows you to connect three one-bit inputs, four one-bit outputs, a data strobe, and four ana- 
log inputs to the Apple, all of which can be controlled by your programs. Supplied with your 
Apple is a pair of Game Controllers which are connected to cables which plug into the Game I/O 
connector. The two rotary dials on the Controllers are connected to two analog inpuis on the 
Connector; the iwo pushbuttons are connected to two of the one-bit inputs. 
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PhftlQ 7. Hie (iame I/O Cnnneclnr. 
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c 

r— ANNUNCIATOR OUTPUTS 

UThe four one-bit outpuis are called "annunciators'". Each annunciator oulpul can be used as an 
input to some other electronic device, or the annunciator outputs can be connected to circuits to 
ubm» drive lamps, relays, speakers, etc. 

Each annunciator is controlled by a soft switch. The addresses of the soli swiichcs for the annun- 

Uciators are arranged into four pairs, one pair Tor each annunciator. If you reference the first 
address in a pair, you turn the oulpul of its corresponding annunciator "off"; if you reference the 
second address in the pair, you I urn the annunciator's oulpul "on". When an annunciator is 
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"off", the Voltage on its pin on Ihe Game I/O Connecior is near volts; when an annunciator is 
"on", the voltage is near 5 vohs. There are no inherent means lo determine the current setting 
of an iinnunciaior bit. The annunciator soft switches are; 



Table 9: Annunciator Special Locations 






Address: 






Ann. 


State 


Decimal 


Hex 





off 


4924W 


•16296 


SC058 




on 


49241 


-16295 


SC059 


1 


off 


49242 


-16294 


SC05A 




on 


49243 


-1629} 


St '0 511 


2 


oft- 


49244 


-16292 


SC05C 




en 


49245 


-16291 


SC05D 


3 


off 




-16290 


SC05E 




on 


49247 


-16289 


SC05I 



ONE-BIT INPUTS 

The three one-bit inputs can each be connected to either another electronic device or to a push- 
button. You cun read the state of any of the one-bil inputs from a machine language or BASIC 
program in the same manner as you reuJ ihe Cassette Input, above. The locations for the three 
one-bil inputs have the addresses 49249 through 49251 1-16287 through -16285 or hexadecimal 
JC06I through SC063), 



tr- 



ANALOG INPUTS 



The four analog inputs can be connected to 150K Ohm variable resistors or poteniiometers. The 
variable resistance between each input and the +5 volt supply is used in a one-shot liming cir- 
cuit. As the resistance on an input varies, the timing characteristics of its corresponding timing 
circuit change accordingly. Machine language programs can sense the changes in the tuning loops 
and obtain a numerical value corresponding io the position of the potentiometer. 

Before a program can start to read ihe selling of a potentiometer, il must first reset the liming 
circuits Location number 49264 1-16272 or hexadecimal SCB70) does just this. When you rcscl 
Ihe liming circuits, the values contained in the four locations 49252 through 49255 < - 1 6284 
through -16281 or SC064 through SC067) become greater than 128 (their high bits are set) 
Within J.060 milliseconds, the values contained in ihese four locations should drop below 128. 
The exact time it lakes for each location to drop in value is directly proportional lo the setting of 
the game paddle associated with that location. If Ihe potentiometers connected lo the analog 
inputs have a greater resistance than 150K Ohms, or there arc no potentiometers connected, ihen 
the values in the game controller locations may never drop to zero. 
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STROBE OUTPUT 



There is ;in additional output, called C»4J» STROBE, which is normally +5 VOltS but will drop lo 
zero volts for a duraiion of one-half microsecond under the control of a machine language or 
BASIC" program. You can trigger this •"strobe"' by referring lo location number 49216 (-16324* or 
SC04F>. Be aware thai if you perform a ""write" operation to this location, you will (rigger the 
strobe owe Isee a description of this phenomenon in the section on the Speaker) 



Table 


10: Input/Output Special Locations 


Function: 


Address; 

Decimal 


Ilex 


Read/Write 


Speaker 


49200 


-16336 


SC030 


R 


Cassette Out 
Cassette In 


49184 
49256 


-16352 
-16288 


SC020 
SC060 


R 
R 


Annunciators* 


44240 

through 

49247 


-16296 
Ih rough 
-16289 


SC058 

through 

SC05F 


R/W 


Flag inputs 


44244 
49250 
49251 


-16287 
16 2X6 
-16285 


SC061 
SC062 
SC063 


R 
R 
R 


Analog Inputs 


49252 
49253 
49254 
49255 


-16284 

-16283 
-16282 
-16281 


SC064 
SC065 
SC066 
SC067 


R 


Analog Clear 


49264 


-16272 


SC070 


R/W 


Utility Strobe 


49216 


-16320 


SC040 


R 



VARIETIES OF APPLES 

There are a few variations on the basic Apple II computer. Some of the variations are revisions 
or modifications of the computer itself; others are changes to its operating software. These are 
ihe basic variations: 



AUTOSTART ROM / MONITOR ROM 

All Apple II Plus Systems include the Autostart Monitor ROM. All other Apple systems do noi contain 
the Autostart ROM. but instead have the Apple System Monitor ROM. This version of the ROM 
lacks some of the features present in the Autostart ROM. but also has sonic features which are noi 
present in thai ROM. The main differences in ihe two ROMs are listed on the following paj-es. 



" See ihe previous utile 
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Kditlnt! Controls. The ESC- 1. J, K, and M sequences, which move the cursor up. left, right, 
and down, respectively, are not available in the Old Monitor ROM. 



to 



• Slop-I.ist. The Slop-List feature linvoked by a | CTRL Si ), which allows you to introduce a gj 
pause into the output of most BASIC or machine language programs or listings, is not available 

in the Old Monitor ROM. 

• The RESET cycle When you first turn on your Apple or press | RKSET| . the Old Monitor 
ROM will send you directly into the Apple System Monitor, instead of initialing a warm or gj 
cold start as described in "The RESET Cycle" on page 36. 

— 

The Old Monitor ROM does, however, support the STEP and TRACE debugging features of the fc* 
System Monitor, described on page 51. The Autostart ROM does noi recognise these Monitor 
commands l*- 



REVISION / REVISION 1 BOARD 



The differences helween the Revision and Revision I Apples are summarized below. 

• Color Killer. When ihe Apple's Video Display is in Text mode, the Revision Apple board 
leaves ihe color burst signal active on the video output circuit This causes text characters to 
appear tinted or with colored fringes. 

• Power-on RESET. Revision Apple boards have no circuit to autom atically initiate a RESET 
cycle when you turn the power on. Instead, you must press [RESET 1 once to start using your 
Apple. 

Also, when you turn on the power to an Apple with a Revision board, the keyboard will 
become active, as if you had typed a random character. When the Apple starts looking for 
input . it will accept t his random charact er as if y ou had typed it. In order to erase this charac- 
ter, you should press |CTRL X] after you iRESETl your Apple when you turn on its power. 

• Cetera in Mien-Resolution Graphics. Apples with Revision boards can generate only four 
colors in the High-Resolution Graphics mode: black, white, violet, and green The high bit of 
each byte displayed on ihe Hi- Res screen (see page 19) is ignored 

• 24K Mentor] Map problem. Systems with a Revision Apple II board which contain 20K or 
24K bytes of RAM memory appear to BASIC to have more memory than they actually do. 
See "Memory Organization", page 72, for a description of this problem. 



The Revision Apple II board lacks a Tew features found on the current Revision I version of 

ihe Apple II main board. To determine which version of the mam board is in your Apple, open CT 

ihe case and look at the upper right-hand corner of the board. Compare what you see to Photo 4 

on page 10. If your Apple does not have the single metal video connector pin between the four- ^ 
pin video connector and the video adjustment potentiometer, then you have a Revision Apple 



50 Hz Apples. The Revision Apple II board does not have the pads and jumpers which you 
can cut and solder to convert the VIDEO OUT signal of your Apple to conform to the Euro- 
pean PAL/SECAM television standard. It also lacks the third VIDEO connector, the single 
metal pin in front of the four-pin video connector. 
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• Speaker and Cassette Interference. On Apples with Revision boards, any sound generaied 
by ihe iniern.il speaker will also appear as a signal on the Cassette lnierfaee"s OUT connector. 
If you leave Ihe tape recorder in RECORD mode, then any sound generated by the- internal 
speaker will also appear on the tape recording. 

• Caiselle Input. The inpul circuit for the CaSSCIlC Interlace has been modified so that it will 
respond with more accuracy to a weaker input signal. 



POWER SUPPLY CHANGES 

In addition, some Apples have a version of the Apple Power Supply which will accept only a 110 
volt power line inpul. These are are not equipped with the voltage selector switch on the back of 
the supply. 



THE APPLE II PLUS 

The Apple II Plus i> a standard Apple II computer with a Revision 1 board, an Autostart Moni- 
tor ROM, and the Applesoft II BASIC language in ROM in lieu of Apple Integer BASIC Euro- 
pean models of the Apple [I Plus are equipped with a 110/220 volt power supply The Apple 
Mini- Assembler, the Floating-Point Package, and the SWEET-16 interpreter, stored in the 
Integer BASIC ROMs, are not available on the Apple II Plus. 
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Almost every program and language on ihe Apple needs some son of input from the keyboard, 
and some way to print information on the screen. There is a set of subroutines stored in the 
Apple's ROM memory Which handle most of the Standard input and output from all programs 
and languages on the Apple 

The subroutines in the Apple's ROM which perform these input and output functions are called 
by various names. These names were given to the subroutines by their authors when they were 
written. The Apple itself docs not recognise or remember the names or its own machine 
language subroutines, but it's convenient for us to call these subroutines by their given names 



STANDARD OUTPUT 

The standard output subroutine is called COUT. COUT will display upper-case letters, numbers, 
and symbols on the screen in cither Normal or Inverse mode. Ii will ignore control characters 
except RETURN, the bell character, Ihe line feed character, and the backspace character. 

The COUT subroutine maintains us own invisible "output cursor"" (the position at which the 
next character is lo be placed). Each lime COUT is called, it places one character on the screen 
ai ihe current cursor position, replacing whatever character was there, and moves the cursor one 
space to the right. If the cursor is bumped off the right edge of the screen, then COUT shifts the 
cursor down to the lirst position on the next line. If the cursor passes the bottom line of the 
screen, the screen ••scrolls" up one line and ihe cursor is set lo the firsi position on ihe newly 
blank bottom line 

When a REiTURN character is sent to COLT , it moves ihe cursor to the first position of the next 
line. If the cursor falls off the bottom of the screen, the screen scrolls as described above. 



THE STOP-LIST FEATURE 

When any program or language send s a RETU RN code lo COUT. COUT will lake a quick peek at 
the keyboard. If you have typed a I CTRL Si since the last time COUT looked at the keyboard, 
then it will stop and wail for you lo press another key This is called Ihe Stop-List feature. 4 * 
When you press another key. COUT will ihen output the RETURN code and proceed with nor- 
mal output. T he code or the key which you press to end the Stop-List mode is ignored unless il 
is a | CTRL C| II" il is. ihen COUT passes this character code back to the program or language 
which is sending output. This allows you to terminate a BASIC" program or listing, by typing 
[CTRL t"| while you are in Stop- List mode. 

A line feed character causes COUT 10 move its mythical output cursor down one line without any 
horizontal motion at all. As always, moving beyond Ihe bottom of ihe screen causes Ihe screen 
to scroll and Ihe cursor remains at its same position on a fresh bottom line. 

A backspace character moves the imaginary cursor one space lo Ihe left. If the cursor is bumped 
off the Icfl edge, it is reset to the rightmost position on the previous line If there la no previous 
line (if the cursor was at the top of ihe screen), the screen does not scroll downwards, bui instead 

• From twin iurun, "runner" 

" The Siop-lis' feature is not present on Applet without ihe AutMUul ROM 
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Ihe cursor is placed again a! ihe rightmost posiiion on the lop line or ihc screen. 

When COUT is sent a '•bell" character (CTRL Cil. ii does nol change ihe screen at all- but 
Instead produces a tone from the speaker. The tone has a frequency of \QQHi and lasts for 
1/lOih ofa second The output cursor does not move for a bell character. 

BUT SOFT, WHAT LIGHT THROUGH YONDER 
WINDOW BREAKS! 

(OR, THE TEXT WINDOW) 

In Ihe above discussions of the various motions of the ouiput cursor, ihe words "right", "left"', 
"lop", and "bottom" mean the physical right, left, top. and bottom of the standard 40-characlcr 
wide by 24-line tall screen. There is. however, a way to tell the COUT subroutine that you wani 
ii to use only a section of ihe screen, and noi the entire 96l>-eharucier display. This segregated 
section of ihe text screen is called a window". A program or language can set the positions of 
the lop. bottom, left side, and width or Ihe texi window by storing those positions in lour loca- 
tions in memory. When this is done, the COUT subroutine will use the new positions to calcu- 
late the size of the screen. It will never print any text ouiside or this window, und when it musi 
scroll the screen, ii will only scroll the text within the window This gives programs the power to 
control the placement of text, and to protect areas of Ihe screen from being overwritten with new 
text. 

Location number 32 (hexadecimal S20> in memory holds ihe column position of the leftmost 
column in the window. This position is normally posiiion ti for ihc extreme left side of the 
screen. This number should never exceed 3° (hexadecimal $27), the leftmost column on the 
lexi screen. Location number 33 (hexadecimal S2I> holds the width, in columns, of the cursor 
window. This number is normally 40 (hexadecimal S28) for a full 40-character screen. Uc care- 
ful ihal the sum of Ihe window widlh and the leftmost window position does noi exceed 40! If it 
does, it is possible for COUT to place characters in memory locations noi on the screen, 
endangering your programs and data. 

Localion 34 (hexadecimal $22 > contains the number of the top line or ihe texl window. This is 
also normally 0. indicating the topmost line of the display. Location 35 (hexadecimal S23> holds 
Ihe number of ihe bottom line of the screen (plus one), thus normally 24 (hexadecimal SIR) for 
Ihe bottommost line of the screen. When you change the text window, you should lake care that 
you know the whereabouts of the output cursor, und lhal it will be inside the new window. 



lahli- II: Ti-vi Window Special local ions 


Function: 


Location: 
IX'cimaJ llc\ 


Minimum/Normal/Maxtrnum Value 
Decimal Hex 


Left Edge 


32 S2M 


0/0/39 S0/S0/SI7 


Width 


33 52 1 


0/40/40 S0/S28/S28 


1 I'P I 


34 $22 


0/0/24 S0/S0/S18 


Bottom Edge 


35 S23 


0/24/24 S0/S18/SI8 
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SEEING IT ALL IN BLACK AND WHITE 

The COUT subroutine has the power to print what's sent to it in either Normal or Inverse text 
modes (see page 14). The particular form of its oulput is determined by the contents of location 
number 50 (hexadecimal S32). If this location contains the value 255 (hexadecimal $FF). then 
COUT Will print characters in Normal mode; if the value is 63 (hexadecial S3F). then COUT will 
present its display in Inverse mode. Note that this mode change only affects the characters 
printed after the change has been made. Other values, when stored in location 50, do unusual 
things the value 127 prints letters in Flashing mode, but all other characters in Inverse; any 
other value in location 50 will cause COUT to ignore some or all of its normal character set. 



Tabic 12: Normal/Inverse Control Values 


Value: 
Decimal 


Hex 


Effect: 


255 


SFF 


C'Ot T will .1 splay characters in Normal mode, 




S3F 


(i« 1 will display characters in Inverse mode 


127 


S7| 


COUT will display letters in Flashing mode, all 
other characters in Inverse mode. 



The Normal/Inverse "mask" location, as it is called, works by performing a logical '"AND" 
between the bits contained in location 50 and the bits in each outgoing character code. Every bit 
in location 50 which is a logical "zero" will force the corresponding bit in the character code to 
become "zero" also, regardless of its former setting. Thus, when location 50 contains 63 (hexa- 
decimal S3F or binary 001 1 11 1 O, the lop two bits of every output character code will be turned 
"ofT", This will place characters on the screen whose codes are all between and 63. As you 
can see from the ASCII Screen Character Code table (Table 7 on page 15), all of these characters 
arc in Inverse mode. 



STANDARD INPUT 



There are actually two subroutines which are concerned with the gathering of standard input: 
RDKEY, which fetches a single keystroke from the keyboard, and GETLN, which accumulates a 
number of keystrokes into a chunk of information called an input line. 



g 

RDKEY ss 

The primary function of the RDKFY subroutine is to wail for the user to press a key on the key- 
board, and then report back to the program which called it with ihe code for the key which was 
pressed. But while it does this. RDKFY also performs two other helpful tasks: g 

1). Input Prompting. When RDKEY is activated, the first thing it does is make visible the hid- 
den output cursor. This accomplishes two things: il reminds the user that Ihe Apple is wailing 
for a key to be pressed, and it also associates the input it wants with a particular place on the 
screen. In most cases, the input prompt appears near a word or phrase describing what is being 
requested by the particular program or language currently in use. The input cursor itself is a 
flashing representation of whatever character was at ihe position of the output cursor. Usually ^_ 
this is the blank character, so the input cursor most oflen appears to be a flashing square. 
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When ihe user presses a key. RDKEY dutifully removes the inpul cursor and returns the 
value of the key which was pressed to the program which requested it. Remember that the 
ouiput cursor is just a position on the sereen, but the input cursor is a flashing character on the 
screen. They usually move in tandem and are rarely separated from each other, but when the 
input cursor disappears, the ouiput cursor is still active. 

21. Random Number Seeding. While it waits for the user to press a key, RDKEY is continually 
adding I to a pair of numbers in memory When a key is finally pressed, these two locations 
togelher represent a number from 9 to 65,535. the exad value of which is quite unpredictable. 
Many programs and languages use this number as the base of a random number generator. 
The two locations which are randomi/ed during RDKEY are numbers 78 and 79 (hexadecimal 
S4E and S4F). 



GETLN 

The vast majority of input to the Apple is gathered into chunks called mpui lines. The subroutine 
in Ihe Apple's ROM called GETLN requests an input line from the keyboard, and af'er gelling 
one, returns to the program which called it. GETLN has many featured and nuances, and ii is 
good to he familiar with the truces it otters. 

When called, GETLN first prints a prompting character, or "prompt". The prompt helps you to 
identify which program has called GETLN requesting input. A prompt character of an asterisk 
(-) represents the System Monitor, a right caret <>) indicates Apple Integer BASIC, a right 
bracket l]> is the prompt for Applesoft II BASIC, and an exclamation point (!) is the hallmark of 
Ihe Apple Mini-Assembler. In addition, the question-mark prompt <?> is used by many programs 
and languages to indicate that a user program is requesting input From your (the user's) point 
of view, the Apple simply prints a prompt and displays an input cursor, As you iype, the charac- 
ters you type are printed on the screen and the cursor moves accordingly, When you press 
[RETURN] , Ihe entire line is seni off to the program or language you are talking to, and you get 
another prompt. 

Actually, what really happens is that after the prompt is printed. GETLN calls RDKEY, which 
displays an inpul cursor When RDKEY returns with a keycode, GETLN stores that keycode in 
an input buffer and prints it on the scr een where the input cursor was. It then calls RDKEY again. 
This continues until the user presses iRETUtNl . When GETLN receives a RETURN code from 
the keyboard, it sticks the RETURN code at the end of the input buffer, clears the remainder of 
Ihe screen line ihe inpul cursor was on, and sends the RETURN code lo COUT <see above). 
GETLN then returns to the program which called it. The program or language which requested 
input may now look at the entire line, all at once, as saved in the input buffer 

At any lime while you are (yping a line, you can type a |CTRL x] and cancel lhat entire line. 
GETLN will simply forget everything you have typed, prinl a backslash (\), skip to a new line, 
and display another prompt, allowing you to retype the line. Also, GETLN can handle a max- 
imum of 255 characters in a line. If you exceed Ihis limit, GETLN will cancel the entire line and 
you must slarl over, To warn you that you are approaching the limit, GETLN will sound a lone 
every keypress starting with the 249th character. 

GETLN also allows you to edit and modify the line you are typing in order lo correct simple 
typographical errors. A quick introduction lo the standard editing functions and the use of the 
Iwo arrow keys. Q anu E3- appears on pages 28-29 and 53-55 of the Apple II BASIC Program- 
ming Manual, or on pages 27-28. 52-53 and Appendix C of The Applesoft Tutorial, at least one 
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of which you should have received. Here is a short description of GFTLN's editing features 



THE BACKSPACE (0) KEY 

Each press of the backspace key makes GETLN '"forget" one previous character in the input line. 
It also sends a backspace character to COUT Isee above), making the cursor move back to the 
character which was deleted Ai this point, a character typed an the keyboard will replace the 
deleted character both on the screen and in the input line. Multiple backspaces will delete succes- 
sive characters, however, if you backspace over more characters than you have typed. GETLN 
will forget the entire line and issue another prompt. 

THE RETYPE <E]) KEY 

Pressing the retype key has exactly the same effeci as typing the character which is under the cur- 
sor This is exircmly useful for re-enlering the remainder or a line which you have backspaced 
over 10 correct a typographical error. In conjunction with pure cursor moves <which follow), it is 
also useful for rccopytng and editing data which is ahead* on the screen 



When you press the key marked ]ESC| on the keyboard, the Apple's input subroutines go into 
escape mode. In this mode, eleven keys have separate meanings, called "escape codes". When 
you press one of these eleven keys, the Apple will perform the function associated with that key 
After h has performed the function, the Apple will either continue or terminate escape mode, 
depending upon which escape code was performed If you press any key in escape mode which is 
not an escape code, then that keypress will be ignored and escape mode will be terminated. 

The Apple recognizes eleven escape codes, eight of which are pure cursor mows, which simply 
move the cursor without altering the screen or the input line, and three of which arc screen clear 
codes, which simply blank pari or all of the screen. All of the screen dear codes and the first four 
pure cursor moves (escape codes @, A, B. C, D. E. and F) laminate the escape mode after 
operating The final four escape codes U, K, M. and J) complete their functions with escape 
mode active.* 



ESC||a1 A press of the [ESC I key followed by a press of the Ja] key will move the cursor one space 
to the right without changing the input line. This is useful for skipping over unwanted 
characters in an input line: simply backspace back over the unwanted characters, press 



ESCJE 10 "kip eaeh ofl'cnding symbol, and use the reiype key to re-enter the remainder 



ESC j [B] Pressing [ESt'l followed by [5] moves the cursor back one space, also without disturbing 
the input line. This may be used to enter something twice on the same line without 
relyping it: just lype il once, press [E.SCj [U repeatedly to get back to the beginning of the 
phrase, and use the retype key to enter il again, 



* These four ew-jpc tmJei lire mil jvjiUble on Apples ailhout the Aulostun Monilor ROM 



ESCAPE CODES 



of the line 
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Use] |cl The key sequence I ESC I |c] moves the cursor one line directly down, with no horizontal 
movement. If the cursor reaches Ihe boilom of the icxt window, then ihc cursor 
remains on ihe bottom line and the text in the window scrol ls up one line. The input 
line is noi modified by ihe lESC'l lc] sequence. This, and lESCl fP] <oelow>, are useful lor 
positioning Ihe cursor as the beginning of another line on Ihe screen, so that it may be 
re-entered with the retype key. 

[ESC I (Pi The 1 ESC] [P] sequence moves the cursor (Erectly up one line, again wilhoul any horizon- 
tal movement. If the cursor reaches the top of ihe window, ii stays there. The input 
line remains unmodified. This sequence is useful for moving the cursor lo a previous 
line on the screen so lhai il may be rc-cniered with the retype key. 

fESCl [E] The [pel [E| sequence is called "clear to end of line". When COUT detects this 
sequence of keypresses, il clears the remainder of the screen line {m>i the inpul line!) 
from Ihe cursor position lo the right edge of ih e tcxl window. The cursor remains 
whore il is. and ihe inpul line is unmodified |KSr| [e| ulways clears ihe resi of the line LO 
blank spaces, regardless of the setting of ihe Normal/Inverse mode location Isee above). 

[ESCl [FlThis sequence is called "clear lo end of screen" It does just lhai: il clears everything in 
the window below or lo the right of the cursor. As before, the cursor does noi move 
and ihe input line is noi modified. This is useful for erasing random garbage on a clut- 
tered screen after a lol of cursor moves and ediling. 



KM 
ESC 



ESC 



ESC 



] The [ESCl Ifflj sequence is called "home and clear'*. Il clears Ihe enlire window and 
places ihe cursor in the upper lefl-hund corner, I he screen is cleared u< blank spaces, 
regardless of the setting o f ihe Nor mal/Inverse location, and ihe inpul line is not 
changed (nole lhat is 'SHIFT Pi ). 



(K] These four escape codes are synonyms for the four pure cursor moves given above 
[J] When these four escape codes finish their respective functions, they do noi turn ofT the 



(M]escape mode: you can continue typing ihese escape codes and moving the cursor around 
(TJ the screen unlil you press any key other ihnn another escape code. These four keys are 
placed in a "directional keypad" arrangement, so lhai Ihe direction of each key from the 
center of the keypad corresponds lo the direction which that escape code moves ihe cur- 
sor. 

® 
ni 

♦ 



♦ 



Figure 4. Carsor-nwTfrtf Escape C a de s. 
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THE RESET CYCLE 



AUTOSTART ROM RESET 



When you lurn your Apple's power switch on" or press and release the HKStT key, the Apple's 
65M2 microprocessor initiates a RESET cycle. It begins by jumping Into a subroutine in the 
Apple's Monitor ROM In the iwo different versions or ihis ROM. the Monitor ROM and the 
Autostart ROM. the RESET cycle does very different things. t^* 



Apples with the Autostart ROM begin their RESET cycles by flipping the soft switches which ^_ 
control the video screen to display the full primary page of Text mode, with Low-Resolution 
Graphics mixed mode lurking behind the veil of text. It then opens the text window to its full — - 
size, drops the output cursor to the bottom of the screen, and sets Normal video mode Then it ™ 
sets the COUT and KEVIN switches to use the Apple's internal keyboard and video display as the 
standard input and outpul devices. It flips annunciators 9 and I ON and annunciators 2 and J 
OFF on the Game I/O connector, clears the keyboard strobe, turns olTany active I/O Expansion 
ROM (see page 84), and sounds a "beep!". 

These actions are performed every lime you press and release the [RESET | key on your Apple. At 
Ihis point, the Autostart ROM pecks into two spcctal locutions in memory to see if it's been 
RESET before or ir the Apple has just been powered up (these special locations are described 
below* If the Apple has just been turned on, then the Autostart ROM performs a "cold start": . — . 
otherwise, it does a "warm start". 

1) Cold Slart. On a freshly activated Apple, the RESET cycle continues by clearing the screen 

and displaying "APPLE II" lop and center It then sets up the special locations in memory to 

tell itself that it's been powered up and RESET Then it starts looking through the rightmost — 

seven slots in your Apple's backplane, looking for a Disk II Controller Card. It starts the 

search with Slot 7 and continues down in Slot I. If it finds a disk controller card, then it 

proceeds to bootstrap the Apple Disk Operating System (DOS) from the diskette in the disk ^ 

drive attached to the controller card it discovered. You can find a description of the disk 

bootstrapping procedure in Do's and Don'ts of DOS, Apple part number A2L0O12, page II, — 

■ft 

If the Autostart ROM cannot find a Disk II controller card, or you press |RESET| again before 

the disk booting procedure has completed, then the RESET cycle will continue with a ^ . 

"lukewarm siart". II will initialize and jump into the language which is installed in ROM on 

your Apple. For a Revision Apple, either without an Applesoft II firmware card or with 

such a eard with us controlling switch in the DOWN position, the Autostart ROM will start t 

Apple Integer BASIC. For Apple Il-Plus systems, or Revision Apple lis with the Applesoft 

II Firmware card with the switch in the UP position, the Autostart ROM will begin Applesoft 

II Floating-Point BASIC. = 

I) Warm Start If you have an Autostart R OM whic h has already performed a cold start cycle, £j 
then each lime you press and release the I RESET I key, you will be returned to the language 
you were using, with your program and variables intact. £ 



* Power-on RESET cycles occur only on Revision 1 Apples Of Revision Apples <*ith jl tejst one Uisk II ccm- 
iruller cjrd. 
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AUTOSTART ROM SPECIAL LOCATIONS 



The three "special locations" used by ihc Autostari ROM all reside in an area of RAM memory 
reserved for such system functions, Following is a table of the special locations used by the 
Autostart ROM: 



Table 13: Autostart ROM Special Locations 


Location: 
Decimal 


Hex 


Contents: 


1010 
1011 


53F2 
S3F3 


Soft Entry Vector. These two locations contain 
the address ol" the reentry point for whatever 
language is in use. Normally contains SE003. 


1012 


S3F4 


Power-Up Byte. Normally contains S45. See 


64367 
(-1169) 


SFB6F 


This is the beginning of a machine language 
subroutine which sets up the power- up location. 



When the Apple is powered up. the Autostart ROM places a special value in ihe power-up loca- 
tion. This value is i he Exclusive-OR of ihe value contained in location 1011 with the conslant 
value 165. For example, if localion 1011 contains 224 (its normal value), then the power-up 
value will be 





Decimal 


Hex 


Ulnars 


Location 101 1 


224 


SE0 


1)100000 


Conslant 


[65 


SA5 


10100101 


Power- Up Value 


69 


S45 


01000101 



Your programs can change the soft entry vector, so that when you press IRESETI you will go to 
some program other than a language. If you change this soft entry vector, however, you should 
make sure that you set the value of the power- up hyte to Ihe Exclusive-OR of Ihe high pari of 
your new soft entry vector with ihe conslant decim al 165 ( hexadecimal SA5). If you do not set 
this power-up value, then the next time you press iRKSKTl Ihe Autostart ROM will believe that 
the Apple has just been turned on and It will do another cold start 

For example, you can change the soft entry vector to point lo the Apple System Moniior. so that 
when you press IRESETI you will he placed inio the Monitor. To make this change, you must 
place the address of the beginning of ihe Monitor into ihe two soft entry vector locations. The 
Moniior begins at location SFF69, or decimal 65385. Pui the last two hexadecimal digits of this 
address (S69I into localion S3H2 and the lirst two digits (SFF) into location S3F3. If you are 
working in decimal, put 105 (which is ihe remainder of 65385/2561 into localion 1010 and the 
value 255 (which is ihe integer quotient ol 65385/256) into localion 1*11. 

Now you must set up the power-up localion. There is a machine-language subroutine in the 
Autostart ROM which wil automatically set the value of this location to the Exclusive-OR men- 
tioned above. Al you need to do is to execute a JSR (Jump to SuhRoutiner instruction lo the 
address SFB6F. If you are working in BASIC, y ou should perform a CALL -1 169. Now every- 
thing is set, and the next lime you press [RESETI . you will enier the System Monitor. 

To make the IR ESETI key work in its usual way. jusi restore the values in the soft entry vector to 
their former values (SE003, or decimal 573471 and again call Ihe subroutine described above. 
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4 'OLD MONITOR" ROM RESET 

A RESET cycle in the Apple II Monitor ROM begins t>y selling Normal video mode, u full screen 
of Primary Page lexi with the Color Graphics mixed mode behind (t, a fully-opened text window, 
iind the Apple's Standard keyboard and video screen as the standard input and ouipui devices. It 
sounds a "beep?", the cursor leups to the bottom line of Ibe uncleared lexl screen, and you find 
yourself lacing an asterisk <•) prompt and talking to the Apple System Monitor. 
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CHAPTER 3 

THE SYSTEM MONITOR 




Buried deep within the recesses of ihe Apple's ROM is a masterful program called the System 
Monitor. Ii acts as both a supervisor of ihe system and a sluve lo ii; il controls all programs and 
□II programs use It You can use ihe powerful features of the System Monitor to discover the 
hidden secrets in all 65,536 memory localions. From the Monitor, you may look at one, some, 
or all locations; you may change the contents of any location, you can write programs in Machine 
and Assembly languages to he executed directly by the Apple's microprocessor: you can save vasi 
quantities of data and programs onto cassette tape and read [hern back in again: you can move 
and compare thousands of bytes of memory with a single command; and you can leave the Moni- 
tor and enter any other progrum or language on the Apple 



ENTERING THE MONITOR 

The Apple System Monitor program begins at location number SFF69 (decimal 65385 or —151) 
in memory To enter the Monitor, you or your BASIC program can CALL this location. The 
Monitor's prompt (an asterisk I-]) will appear on the left edge of the screen, with a flashing cur- 
sor lo ils right. The Monitor accepts standard input lines (see page 3 2) just like any other system 
or language on the Apple. It will not lake any action until you press |RETL ! RN j. Your input lines 
to the Monitor may be up to 255 characters in length. When you have finis hed your slay in Ihe 
Monitor, you can return to the langu age you we re previously usi ng by typ ing [CTRI- C]|RETTRN| 
(or. with Ihe Apple DOS. [J|[D] [F|[g] (RETC'KNI ), or simply press [RESET 



ADDRESSES AND DATA 

Talking lo the Monitor is somewhat like talking to any oth er program or language on the Apple: 
you type u line on the keyboard, followed hy a [RETURN [ . and ihe Monitor will digest what you 
typed and act according to those instructions. You will be giving the Monitor three types ol 
information: addresses, values, and command:,. Addresses and values are given lo the Monitor in 
hexadecimal notation. Hexadecimal noiaiion uses the len decimal digits (8-9) to represent them- 
selves and ihe first six Icilcrs (A-F) lo represent the numbers 10 through 15. A single hexade- 
cimal digit can. therefore, have one of sixteen values from to 15. A pair of hex digits can 
assume any value from f) to 255. and a group of Tour hex digits can denote any number from lo 
65.53b. Il so happens that any address in the Apple can be represcnlcd by four hex digits, and 
any value by two hex digits This is how you tell the Monitor about addresses and values. When 
the Monitor is looking for an address, it will lake any group of hex digits. If there arc fewer than 
four digits in the group, it will prepend leading femes: if there are more lhan four hex digits, the 
Monitor will truncate the group and use only ihe last Tour hex digits. Il follows the same pro- 
cedure when looking for two-digit data values. 

The Monitor recognizes 22 difTereni command characters. Some of these are punctuation marks, 
others are upper-case letters or control characters. In the following sections, the full name of a 
command will appear in capital letters. The Monitor needs only the first letter of the command 
name Some commands arc invoked with control characters. You should noie lhai although the 
Monitor recognizes and interprets these characlcrs. a control character typed on an input line will 
not appear on ihe screen, 



* This doe»nol work en Apples wiihaui ihe Auiosiun ROM 
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The Monilof remembers the addresses or up to five locations, Two of these are special: they are 
ihe addresses of the lasi location whose value you inquired about, and Lhe location which is next 
10 have its value changed. These are called the fo\r u/itncd luairnni iind the nr\i iluvwable Ima- 
uon. The usefulness of these iwo addresses will be revealed shortly 



EXAMINING THE CONTENTS OF MEMORY 

When you type the address of a location in memory alone on an input line to ihe Monitor, it will 
reply" with lhe address you typed, a dash, a space, and the value** contained in that location, 
thus: 

•B00I 

EfM- 2«» 
•JM 

Each time the Monitor displays the value contained in a location, ii remembers thai location as 
the lam opened location. For technical reasons, it also considers thai location as Ihe next change- 
able hcaffon. 



EXAMINING SOME MORE MEMORY 

if you type a period (,) on an input line to Ihe Monitor, followed by an address, the Monitor will 
display a memory dump. Ihe values contained in all locations from the last opened location to the 
location whose address you typed following the period. The Monitor ihen considers the last loca- 
tion displayed to be both the last opened location and lhe nexl changeable location. 



' In lhe examples, your queries ure In normal type and (he Apple Kpflej in buldfKc 

" The values pnnled u> these examples may dilTcr I'rnm !hc viilue.s displayed by yitur Apple lor the sjjme in- 
MrucCHinv 
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• 20 



0*2*- HI* 

• . 2B 



HH21- 


28 


1 K 


l « 


#F 


IC 


H 1 


II 




hi 


16 


»H 


«7 








• 3(9*1 
















#3##- 


99 














• 315 
















<u*i- 


B9 


II 


08 


0A 


0A 


#A 


99 


«.ii(t- 


If H 


Ifl 


C8 


DO 


F4 


U 


2B A9 


*m#- 


#9 


85 


27 


AD 


CC 


#3 




• . 3 2A 
















It 3 | fi- 


85 


•4 1 












ll 3 1 8- 


H4 


40 


8A 


4 A 


4 \ 


4A 


4A 19 


#3 21- 


CI 


K9 


3F 


A 9 


515 


85 


3F. 21 


#3 28- 


■13 


t< 3 


2# 











You should notice several things about the format of a memory dump. First, ihc first line in the 
dump begins with the address of the location fallowing the last opened location, second, all other 
lines begin with addresses which end alternately in zeroes and eights, and third, there are never 
more than eight values displayed on a single line in a memory dump. When the Monitor does a 
memory dump, it starts by displaying Ihe address and value of the location following the last 
opened location. It then proceeds to the next successive location in memory If the address of 
that location ends in an S or a 0, the Monitor will •"cut" to a new line and display Ihe address of 
that location and continue displaying values. After it has displayed the value of the location 
whose address you specified, it slops the memory dump and sets the address of both the last 
opened and the next changeable location to be the address of the last location in the dump. If 
ihe address specified on the input line is less than the address of the last opened location, ihe 
Monitor will display Ihe address and value of only the location following the last opened location. 

You can combine the two commands (opening and dumping) into one operation by concatenating 
the second to the first; that is, type the RfSI address, followed by a period and Ihe second address. 
This two-addresses-scpuraicd-by-a-per'od form is called a memory row, 



•301 3 2F 
















H 3 tt H— 99 


1)'' 


#0 


#8 


#A 


#A 


#A 


99 


1318- #** 


#8 


C8 


D0 


¥ i 


A6 


2B 


A9 


H3IH- 09 


85 


27 


AD 


CC 


#3 


85 


-l l 


H3 1 H- 84 


4# 


8A 


4 A 


4 A 


4 A 


4A 


#9 


y 3 2 n — ci* 


85 


3F 


\9 


5D 


85 


3E 


2# 


#328- 43 


#3 


20 


46 


#3 


A5 


3D 


4D 


•30.48 
















##3#- AA 


## 


FF 


AA 


#5 


C2 


#5 


cz 


#138- IB 


FD 


Df 


#3 


3C 


#0 


4# 


N# 


#84#- 3| 
















»E*15 E025 
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EH I 5— 4C FI) FD 

10 IS- A 9 2 CS 2 4 KH HC A9 HD 

F.010— AH 7 2 ED FD 49 

• 



EXAMINING STILL MORE MEMORY 

A single press of Ihe IRKTURM key will cause (he Monitor to respond wiih one line of a memory 
dump, that is. a memory dump from Ihe location following the last opened location to the next 
eight-location "cut". Once again, the last location displayed ts considered the last opened and 
net changeable location 

• 5 

inns- im 

• Ml It RN| 
HK H M 

- HI I I H\ 

HrfHK- 00 00 00 till 00 HH 00 00 

■ 32 

A3 2- FF 

« |retlirn 1 
AA 00 C2 «5 C2 

11*38- IB FD D0 03 3C 00 3F 00 



CHANGING THE CONTENTS OF A LOCATION 

You've heard all about the "next changeable location"; now you're going to use it Type a 
colon followed by a value. 

000#- #0 

• : 5F 

Presto! The contents of Ihe nexl changeable location have juss been changed to the value you 
typed. Check this by examining thut location again: 

• e 

0«00- 5F 



43 



5 



You can alSO Combine opening and changing inlo one operation: 

-302:42 Ml 

• 302 2 

0J02- 41 _ 



When you change the contents of .i location, Ihe old value which wits contained in lhai location 
disappears, never to be seen again. The new value will Stick around until it is replaced by another 
hexadecimal value 



CHANGING THE CONTENTS OF 
CONSECUTIVE LOCATIONS 

You i/im'r have to type an address, a colon, a value, and press | R ETURN] for each and every locu- 
tion you wish to change. The Monitor will allow you to change Ihe values of up to eighty-five 
locations at a time by typing only the initial address and colon, and then all the values separated 
by spaces. The Monitor will duly iile the consecutive values in consecutive locations, starling at 
the next changeable location. After it has processed Ihe siring of values, ii will assume thai the 
location following ihe lasi changed location is Ihe next changeable location. Thus, you can con- 
tinue changing consecutive locations without breaking stride on the next inpul line by typing 
another colon and more values. 

•300 69 01 20 ED FD 4C 3 

•3 00 

9 399- 69 
•[Ki ll u v 
HI 2 ED FD 4C 00 03 

•10 1 2 3 

• :4 5 6 7 

• 10. 17 

00 HI 02 0J 04 0? 06 07 ■» 

t 

MOVING A RANGE OF MEMORY Z 

You can treat a range of memory (specified by two addresses separated by a period) us an entity g 

1 



unto itself and move It from one place lo another in memory by using the Monitor's MOVE 
command, In order 10 move a range of memory from one place to another, the Monitor musi be 
lolil both where the range is situated in memory and where it is to be moved. You give this 
informal ion lo ihc Monitor m ihrce parts: ihe address of the desiination of ihe range, the 
address of ihe first location in the range proper, and the address or the last location in the range 
Yoti specify the starting and ending addresses of ihe range in the normal fashion, by separating 
them with a period. You indicate thai this range is to be placed somewhere else b\ separating the 
range and the destination address with a left caret (<) Finally, you tell Ihe Moniior that you 
wani lo move ihe range to the destination by typing ihe letter M. lor "MOVE". The final com- 
mand looks list- ihis 

Ideslinutionl < Istiirt] {endl M 

When you type this line to the Monitor, of course, the words in curly brackets should be replaced 
by hexadecimal addresses and ihe spaces should be omitted Here are some real examples of 
memory moves: 

>« F 

0HH0- 51 H5 «7 tttf tiff Mi* Htt 

0HHX- 0M ♦* H HH *•+• Mt* H0 HH H I 

•300 A9 8D 20 ED FD A9 45 20 DA FD 4C 00 03 

• 300. 39C 

03*0- A 9 XD 2H ED FD A9 45 20 
3 HX- 1>A FH 41 H0 0$ 

■0<30O 30CM 

•0 C 

A9 8D 2» ED FD A<* 45 20 
0HM8- DA ID 41 «0 03 

• 3 I 0<8 . AM 

•310.312 

03 10- DA ID 41 

•2<7 . 9M 

•#.c 

0HH0- A9 8D 2fl DA FD A9 45 211 
0HHX- DA FD 4(_ »0 03 



The Monitor simply makes a copy of the indicated range and moves ii to the specified destina- 
tion. The original range is left undisturbed. The Monitor remembers Ihe last location in the ori- 
ginal range as the last opened location, and the lirsi location m the original range as the nexl 
changeable location, II the second address in the range specification is less than the first, then 
only one value (that of the first location in the rangel will be moved. 

If the destination address of the MOVE command is inside Ihe original range. Ihen strange and 
(sometimes! wonderful things happen: the locations between the beginning of Ihe range and ihe 
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destination are treated as a sub-range and the values in this sub-range are replicated throughout 
ihe origin*) range. See "Special Tricks", peg* 55, for an interesting application ol this feature. 



COMPARING TWO RANGES OF MEMORY 

You can use the Monitor to compare two ranges or memory using much the same formal as you 
use to move a range of memory from one place to another. In fact, the VERIFY command can 
be used immedialely after a MOVE 10 make sure that the move was successful. 

The VERIFY command, like Ihe MOVE command, needs a range and a destination. In short- 
hand: 

[destination] < |start| lendf v 

The Monitor compares the range specified with ihe range beginning at ihe destination address. If 
there is any discrepancy, ihe Monitor displays the address at which the difference was lound and 
the two offending values. 

.0D7 F2 E9 F4 F4 E5 EE Afl E2 F9 AB C3 C4 C5 

• 3$9<i 1*1 

• 6:B4 

• 3 0(*<0.DV 
*»«#«-E4 CEE) 

Notice that the VERIFY command, if it finds a discrepancy, displays the address of the location 
in the original range whose value differs from Its counterpart in the destination range. 11 there is 
no discrepancy, VERIFY displays nothing. It leaves both ranges unchanged. The last opened and 
nesi changeable locations are sci just as in the MOVE command. As before, if the ending 
address or ihe range is less dun the siariing address, the values of only the first locations in the 
ranges will be compared. VERIFY also docs unusual things if ihe destination is within Ihe origi- 
nal range; see "Special Tricks'", page 55. 



SAVING A RANGE OF MEMORY ON TAPE 

The Monitor has two special commands which allow you to save a range of memory Onto cassette 
tape and recall ii again for later use. The first of these two commands, WRITE, lets you save the 
contents of one io 65,536 memory locations on standard cassette tape. 

To save a range of memory io tape, give the Monitor the starling and ending addresses of the 
range, followed by ihe letter W (for WRITE): 
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Istaril {end! W 



To g.ei an accurate recording, you should put the tape recorder in record mode before you press 
In I RN ■■•n the mrui line I ci the tape run I Few seconds, UtCO pnMS H | I" l RNJ I lie Monitor 
will write a ten-second "leader'" lone ottio the tape, followed by the data. When the Monitor is 
finished, ii will sound a "'beep!' and give you another prompt, You should then rewind ihe tape, 
and label Ihe tape with something intelligible about the memory range that's on the tape and what 
it's supposed to be. 

«8.FF FF AD 30 Cfl &8 D0 04 C6 01 Ffl 08 C 
A D0 F6 A6 00 4C 02 00 ft0 

• fl 14 

t»Ht»H- FF FF All 31 CI X« 1>H H4 
0MHK- Cfi 01 l» 0H (A l>H ¥6 A6 
*♦« I *»— 00 4C 02 00 60 

• I 4VV 



It lakes about 35 seconds total lo save Ihe values of 4,09fi memory locations preceded by the 
ten-second leader onto tape. This works out to a speed of about 1 .350 bits per second, average 
The WRITE command writes one extra value on the tape after ii has written the values in the 
memory range. This extra value is the checksum It is the partial sum of ail values in the range. 
The READ subroutine uses this value to determine if a READ has been successful tsee below >. 



READING A RANGE FROM TAPE 

Once you've saved a memory range onto tape with the Monitor's WRITE command, you can 
read that memory range back into the Apple by using the Monitor's READ command. The data 
values which you've stored on the tape need not be read back into the sume memory range from 
whence they came; you can tell the Monitor to put those values into any similarly sued memory 
range in the Apple's memory. 

The format of the READ command ts the same as that of the WRITE command, except that the 
command letter is R. not W 

Istart] . (cndl R 

Once again, after lyping the command, don't press IRKTtRM . Instead, start the tape recorder in 
PLAY mode and wait for the tape's nonmagnetic leader to pass by Although the WRITE com- 
mand puis a ten-second lender lone on the hcginning of Ihe tape. Ihe READ command needs 
only three seconds of this leader in order to luck on lo ihe frequency. So you should let u few 
seconds of tape go by before you press IRETURN] , to allow Ihe tape recorder's output to settle 
down to a steady lone 

• 0.0 00000000000000000 *>| 



• 14 
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MM 


MM 


KM 


i»M 


mm 


01* 


HI* 


MM 


♦MM8- 


■ 1 


Hi H 


MM 


MM 


mm 


MM 


MM 


MM 


♦JIH*- 


II 


rfH 


rfH 


ill* 


MM 








♦ » ]4t 


! 
















•f> 1 4 


















m«~ 


FF 


FF 


AO 


3 If 


a 


88 


DM 


M-l 


MMMK- 


C6 


111 


1 H 


MX 


{ \ 


i>m 


F6 


16 


rtt) i H- 


tilt 


41 


M> 


tin 


i< H 









After ihe Moniior has read in and stored all the values on (he tape, it reads in the extra check- 
sum vulue. Il compares Ihe checksum on the 'ape lo its own checksum, and if i he two differ, the 
Monitor beeps ihe speaker and displays "ERR". This warns you thai there was a problem during 
ihe READ and ihai ihe values stored in memory aren'i ihe values which were recorded on the 
lape. If, however, ihe iwo checksums match, ihe Monitor will give you another prompt. 



CREATING AND RUNNING MACHINE = 

LANGUAGE PROGRAMS 5 

Machine language is certainly the mosl eflicient language on ihe Apple, albeit the least pleasani in ^ 
which to code The Moniior has special facilities for those of you who are determined to use 

machine language to simplify creating, writing, and debugging machine language programs, mm 

You can write a machine language program, take the hexadecimal values for the opcodes and 

operands, and store ihcm in memory using the commands covered above. You can gel a hexade- ^ 
eimal dump of your program, move it around in memory, or save il to tape and recall it again 

simply by using the commands you've already learned The mosl important command, however, — — 

when dealing with machine language programs is the GO command When you open a location 9t 
from the Moniior and type the leiter G. the Moniior will cause ihe 6502 microprocessor lo start 

executing the machine language program which begins at the las! opened location. The Monitor ^ 

treats Ibis program as u subrouune: when u*s finished, all it need do is execute an RT5 (reiurn ~~ 
from subroutine) insiruciion and control will be transferred back to ihe Moniior. 

Your machine language programs can call many subroutines in Ihe Moniior to do various things. 

Here is an example of loading and running a machine language program to display the letters A ^ 
through /: 

•300 :A9 CI 20 ED FD 18 69 1 C9 DB D9 F6 60 S 

«3t>0 3 0C I* 

M3HM- \f CI 2M El) El) IK 69 Ml _ 

C9 l)H Dfl ft 6H fi; 

•300G 

AHCDEEGH I JKIAfVOPQRSTLAWiYZ £ 

IThe insiruciion sei of ihe Apple's 6502 microprocessor is listed in Appendix A of this manual I r— 

I 



Now, straight hexadecimal code isn'i the easiest thing in the world to read or debug. With this in 
mind, the creators nf ilie Apple's Monitor neatlj included ;i command to list machine language 
programs in assembly ktitgtKttt form. This means thai instead of having one. two, or three bytes 
of unformatted hexadecimal gibberish per Instruction you now have a ihree-lettcr mnemonic and 
some formatted hexadecimal gibberish to comprehend for each instruction The LIST command 
to the Monitor will slarl at the specified location and display a screenfull (20 lines) of instruc- 
tions 



• 3 HIM 



mtin- 


V) 


CI 


LDA 


#SCI 


03f2- 


20 


ED Fl) 


JSR 


SFDED 




1 1 




CLC 






69 


*t 1 


ADC 


#S0l 


H30B- 


( •! 


DB 


cmp 


#SDB 


I3IA- 


m 


16 


BNE 


SB3I2 


■3fC- 


fin 




RTS 




tni*i>- 


pi 




BRK 




03IE- 


MH 




BRK 




030F- 


01 




BRK 




1310- 


01 




liKK 




031 1- 


fl 1 




liKK 




0312- 


MH 




UKK 




0313- 


MH 




BRK 




0314- 


Mil 




BRK 




0315- 


M H 




BRK 




H 3 1 ft - 


H H 




BRK 




0317- 






BRK 




13 1 8- 


MM 




BRK 




03 1 9- 






BRK 





Recognize those first few lines'' They're the assembly language form of the program you typed 
in a page or so ago. The rest of the lines (the BKK instructions) are just there to fill up the 
screen. The address thai you specify is remembered by the Monitor, but not in one of the ways 
explained before, It's put in the Program Courtier, which is used solely to point to locations 
within programs. A Tier a LIST command, the Program Counter is set to point to the location 
Immediately following the last location displayed on the screen, so Ihul if you do another LIST 
command ii will continue with another screenfull of instructions, starling where the first screen 
left off. 



THE MINI-ASSEMBLER 

There is another program within the Monitor* which allows you to type programs into the Apple 
in the same assembly format which the LIST command displays. This program is called the 
Apple Mini-Assembler. It is a •"mim'-assembler because it cannot understand symbolic labels, 
something that a full-blown assembler must do. In run the Mini- Assembler, type 



• The Mlru- Assembler does nm Kiuatb reside m the Murium ROM, hut is run itt the Iniojjcr BASK RiAl 
iei Thus, ii is noi uvjibhlc on \ppl< II Plus *yiicnn or while Fumware ^prlcwli II is In use. 



49 



• FC.6 6G 



! 

You arc now in ihe Mini- Assembler The exclamation poini <!) is ihe prompt character. During 
your slay in ihe Mini-Assembler, you can execute any Monitor command by preceding il with a 
dollar sign <S>. Abide from lhai, ihe Mini-Assembler has an instruction sei and syntax all ils 
own. 

The Mini-Assembler remembers one address, that of the Program Counter. Before you slart to 
eruer I program, you must sel the Program Counter 10 point to ihe location where you want your 
program lo go. Do this by typing the address followed by a colon. Follow ihis wilh ihe 
mnemonic for ihe first instruction in your program, followed by a space. Now type ihe o perand 
of the instruction (Formats for operands are listed on page 66> Now press [RETTrX! Ihe 
Mini-Assembler converts ihe line you typed into hexadecimal, stores il in memory beginning al 
the localion of ihe Program C ounter, and ihen disassembles il again and displays Ihe disassem- 
bled line on top of your input line. It then poses another prompt on the next line. Now n's 
ready lo accept Ihe second insuuciion in your program. To tell il that you warn the next insirue- 
tmn lo follow the lirsi, ilon"i type an address or a colon , but only a space, followed by ihe next 
instruction's mnemonic and operand Press [itKTL'KNl Il assembles that line and wails for 
anoiher 

If the line you type has an error in il. ihe Mini-Assembler will beep loudly and display a 
circumflex (*) under or near ihe offending character in ihe inpul line. Mosi common errors are 
ihe resuli of typographical mistakes: misspelled mnemonics, missing parentheses, eic. The 
Mini-Assembler also will reject the input line iryou forget ihe space before or after a mnemonic 
or include an extraneous characier in a hexadecimal value or address. If the destination address 
or a branch insiruciion is out of ihe range or ihe branch tmorc ihan 127 locutions distant from 
ihe address of ihe insiruciion). ihe Mini- Assembler will also (lag this as an error 



! \ m #02 

0300- A2 02 

! LDA S0,X 

0302- B5 00 

! STA SI 0.X 



I 1>\ 



IJJA 



#S02 



$10, X 



i 



030-1- 

! DFX 



95 1 



STA 



SI0.X 



K306- (A 

! STA $(030 

307- 81) 30 CI 

! HPL S302 



3 A— 

! BRK 

3 0C- 

! 



10 Ffc 



1)1. \ 



STA 



lU'l 



IlKK 



5C0 30 
10112 



i 



Fo exil ihe Mini- Assemhler and re-enier the Monitor, either press hkseF or type ihe Monitor 



50 



command (preceded by a dollar sign) FF69Q: 



ISFF69G 



Your assembly 
command 



language program is stored in memory. You can look at ii again wilh Ihe LIST 



-3601 








I3f|- 


A2 


02 


i.nv 


IJI2- 


OS 


HH 


1 l)V 


1304- 


95 


IH 


STA 


|3»6- 


1 \ 




HEX 


I3B7- 


Kl) 


31 C# 


STA 


■3fA- 


IH 


F6 


BPI. 


h i h r- 


tin 




HRK 


H IHIH- 


HH 




BRK 


030E- 


HH 




HRK 


131 F— 


HH 




BRk 


H 3 II- 


H H 




HRk 


f 311— 


ritf 




HRk 


0312- 


HH 




KRk 


0313- 


HH 




HRK 


II 314- 


HH 




HRk 


H 3 1 5- 


HH 




BRk 


H3I6- 


HH 




KRk 


• 317— 


HH 




BRk 


1318- 


HH 




LIRk 


H 3 1 9- 


HH 




UK K 



#$H2 
SUM ,N 
SIHX 

SCH 30 
00302 



DEBUGGING PROGRAMS 



As pui so concisely by Lubarsky*. "There's always one more bug." Dun'i worry , 'be Moniior 
provides facilities for stepping ihrough ornery programs lo find lhat one last bug. The Monitor's 
STEP" command decodes, displays, and executes one instruction at a time, and Ihe TRACE" 
command steps quickly through a program, stopping when a BRK instruction is executed. 

Each STEP command causes the Monitor to execute the instruction in memory pointed in by ihe 
Program Counter. The instruction is displayed in its disassembled form, then executed. The 
contents of the 6502's internal registers are displayed after the instruction is executed. After exe- 
cution, the Program Counter is bumped up to point lo the next instruction in the program 

Here's what happens when you STFP ihrough the program you entered using the Mini- 
Assembler, above: 

' In Kturpln'% tarn, and (.Mm Reasons, nhy TttiHgi On Wrung, «Utted t>y Anluir Modi. Pricc/Stern/Slnarvc 1977. 
" The STFP ind TRACK mmmunds jrr rioi uvjilyble on Appln wiih ihe \ulnslnn ROM. 



• 3 1 B S 

1311- A2 8 2 I.DX #S82 

A=BA X=M 2 V=D8 P=3 8 S-FI 

• 8 



— 



1312- B5 MM LDA SBM.Y u. 

A=0C X=8 2 Y=t>8 P=3fl S=F8 



• s 

83 8 4- 15 IB ST A $ I 8 . X 

A=8C X-8 2 Y=»8 P=3H S=F8 iu. 

• I 2 

111 2- «C ~ 

•S 

B 

8 3 06- CA DEX 

A=*C X=8I V=D8 P=30 S=F8 — 

.s E 

8 3 07- HU J« CI ST A SCI 3 1 

A=0C X=H! Y=D8 P=3B S=F8 

• S — 

B 

1 3 HA- II F6 BPL S03 2 

A=IC X=0l Y=D8 P=3 S=K8 «u, 
•S 

0302- B5 #0 LDA 500, X w 

A=0B X=01 Y=D8 P=3H 5=F8 

.S £ 

1314- 95 18 ST A SIM \ _ 

A=MB X=0l \=D8 F=3 M S=FH 5 



Notice ihai after ihe ihird inslruciion was executed, we examined the contents of location 12. 
They were as we expected, and so we continued stepping. The Monitor keeps the Program 
Counter and the lust opened address separate from one another, so ihai you can examine or 
change the contents ol memory while you are stepping through your program. 

The TRACE command is ju st an inf inite STEPper. Il will stop TRACEing the execution of a pro- 
gram only when you push IRFSF.Tl or it encouniers a BRK instruction in the program. If the 
TRACE encouniers the end of a program which returns to the Monitor via an RTS instruction, 
the TRACEing will run off into never-never land and must be slopped with the [RESETl button. 

»T 

030*- CA DFX 

A— IB X=0 Y=t>H P=3 2 S=F8 

83 M 7- 8I> 3 ft CI ST A SCI 3 1 

A=IB X=00 Y=DK P=3 2 S=F8 

83 8A- 18 F6 BPI $0302 
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l: 

E 
E 

5 



A=B tt 




V=D8 


P=3 2 S=FH 




I3f2- 




*»H 


LDA 




V=« \ 




v=ns 


P-31 S=FH 




§3f4- 


>s 


ID 


M \ 


Slff.X 


A=HA 


\=HH 


¥-OT 


P=3» S=FH 




I3f6- 


GA 




DEX 




V=H V 


\-| ) 


Y=08 


P-Bl S=FH 




*J*7- 


SD 


31 C( 


SI v 


scfaa 


V=D V 


X=FF 


Y=D« 


P=Hfl S=FH 




f3IA- 


ltf 




BPL 


S H 3 H 2 


A—iA 


X=FF 


Y«oa 


P=HM S=FH 




■3#C- 


HI* 




HHk 




*.m'- 


A= 




=FF \=DK P= 


=B» S=FS 



EXAMINING AND CHANGING REGISTERS 

As you saw above, the STEP and TRACE commands displayed the contents of the 65f2°S tnter- 
nal registers after each Instruction You fan examine these registers at will or pre-set Iheoi when 
you TRACE, STEP, or CHI a mui-hine language program. 

The Monitor reserves Bw locations in memory for the five 6502 register 1 ): A, X, Y, P iprocessor 
stat us re gister I. and S (slack pointer). The Monitor's EXAMINE command, invoked by a 
ICTRL E| . tells the Monitor to display i he contents of these locations on the screen, and lets the 
location which holds ihe SSBZ's A-rcgister be the next changeable location. If you want to 
change the values in these locations, jusi type a colon and the values separated by spaces Next 
time you give the Monitor a GO, STEP, or TRACE command, the Monitor will load ihese five 
locations into their proper registers inside ihe 6502 before il executes the rirsi instruction in your 
program. 

* |CTRL El 

A=HA X=FF Y=D8 P=BI* S-F8 

• B0 02 

' (CTRL El 
\=M \=H2 Y=I>K P=B*t S=F8 

H3«6- CA DEX 

A=B0 X-ffl Y=D8 P=3* S-FB 

• S 

H3H7- ND 3 III STA SCI 3 1 

A=B« \=H I Y=l>8 P=3¥ S=FH 
*S 

131 A— IN F6 BPL SI302 

A=BH \=«\ V=D» P=3I# S-F8 
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MiSCELLANEOUS MONITOR COMMANDS 



The PRINTER command, activated by a |CTR1. P| , divens ull output normally destined for the 
screen to an Apple Intelligent Interface* in a given slot in the Apple's backplane. The slol 
number should be from 1 to 7, and Ihere should be an interface card in Ihe given slot, or you will 
lose control of your Apple and your program and variables may be lost. The format for the com- 
mand is: 



The KEYBOARD command similarly substitutes the device in a given backplane slot for the 
Apple's keyboard For details on how these commands and their BASIC counterparts PR# and 
IN# work, please refer to "CSW and KSW Switches", page 83. The formal for the KEYBOARD 
command is: 

(slot numbert ItTRL K| 



You can control the setting of the Inverse/Normal location used by the COUT subroutine (see 
page 32) from Ihe Monitor so that all or the Monitor's output will be in Inverse video. The 
INVERSE command does this nicely. Input lines are still displayed in Normal mode, however. _ 
To return the Monitor's output in Normal mode, use the NORMAL command. f* 

• 19 F £ 

t»HH*»- IA till fC #1) HE HF D» 14 _ 

If 18- Cfi #1 M ««i CA D0 F6 A6 

•I 

m 

• i 

HtfHH- HA KB IC HD HE HF D0 H4 !^ 

■•IS- C6 II FH NX CA 1)0 F6 A 6 

•n :n: 



H#H H— HA KB IC HD HE HF D*P 14 
HtlHH- C6 HI Ft! H8 CA D*» F6 A6 



The BASIC command. Invoked by a ICTRL Bl . lets you leave the Monitor and enter Ihe language 
installed in ROM on your Apple, usually either Apple Integer or Applesoft II BASIC. Any pro- 
grum or variables that you hud previously in BASIC will be lost. If you've left BASIC for the 
Monitor and you want to re-enter BASIC with your program and variables intact, use the 
ICTRLCl (CONTINUE BASIC) command. If you have ihe Apple Disk Operating System (DOS) 
active, the '3D6G' command will return you to the language you were using, with your program 
and variables intact. 



Islol number! [CTRL P| 

■a 

A PRINTER command to slol number will reset the flow or primed output back to the Apple's 
video screen. j£ 
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E 
— 



A slot number of for the KEYBOARD command will force Ihc Monitor lo listen Tor inpul from 
llic Apple's built-in keyboard, 

The Monitor will also perform simple hexadecimal addition and subtraction. Just type a line in 
the formal: 

lvalue) + {vaiuel 
jvaluel - {vuluel 

The Apple will perform the arithmetic and display the result: 

•2 0+13 
=3 3 

• 4A-C 
=3E 

• FF+4 
=0 3 

• 3-4 
=FF 

• 



SPECIAL TRICKS WITH THE MONITOR 

You can put as many Monitor commands on a single line as you like, as long as you separate 
them with spaces and the lotal number of characters in the line is less than 254. You can inter- 
mix any and all commands freely, except ihe STORE I:) command. Since the Monitor takes all 
values following a colon and places them in consecutive memory locations, the last value in a 
STORK must be followed by a letter command before another address is encountered. The 
NORMAL command makes a good separator, it usually has no effect and can be used anywhere. 

•300.307 300:18 &9 1 N 300.302 3B0S S 

0300- 0H HH Htl MH H till H 14 00 

0300- IN 69 ft! 

03 00- 18 CLC 

\=04 X=01 V=I)H P-31 S=F8 

0301- 69 01 ADC #S0l 
A=05 \=01 Y=L18 P=30 S=F8 



Single-letter commands such as L. S. I, und N need not be separated by spaces. 

11 the Monitor encounters a character in Ihe input line which it does not recognize as either a 
hexadecimal digit or a valid command character, it will execute all commands on the input line up 
to thai Character, and then grind to a hull with a noisy beep, ignoring the remainder of the input 
line. 

The MOVE command can be used 10 replicate a pattern of values throughout a range in memory. 
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0300- 


1 1 


21 


33 


1 1 


22 


33 


1 1 


22 


0308- 


33 


1 1 


22 


33 


11 


22 


33 


11 


#3I#- 


22 


33 


1 1 


22 


33 


1 1 


22 


33 


#318- 


l l 


22 


3 3 


1 1 


22 


33 


1 ) 


22 


0320- 




1 1 


22 


33 


1 1 


22 


33 


1 1 


#3 28- 


22 


33 


1 l 


22 


33 


1 1 


22 


33 



To do this, first store the pattern in its first position in the range: — 
'399; 1 I 22 33 

Remember the number of vulues in the pattern: in this case, 3. Then use this special arrange- la- 
ment of the MOVE command: 

|siart + number| < [WW] . (end — number) M 

This MOVL command will first replicate the pattern at the locations immediately following the 
original pattern, I hen re- re plicate ihat pattern following itself, and so on until it fills the entire 
range j-J 

«303<300 3 2DM 

g 

• 300 32 F 

E 

E 

A similar trick can be done with the VI.RIFY command to check whether a pattern repeats itself 
through memory This is especially useful to verify that a given range of memory locations all — 
contain the same value: K 

•300 41 £ 

• 30K300 . 3 1FM — 

• 30K300 3IFV 
•304 02 

• 30K300.3IFV H 

#3#3-## <02) Bb 
0304-02 (01) 

g 

You can create a command line which will repeat all or pari of ilsell indefinite!) by beginning the 

part of the command line which is to be repeated with a letter command, such as N, and ending it 

with the sequence 34: 11. where /1 is a hexadecimal number specifying the character position or ihe ~" 

command which begins Ihe loop; for the first character in the line, /r=0. The value for n must 

be followed with a space in order for the loop to work properly, SS 



• N 300 302 34:0 
0300- I l 
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ES 

_ 



M3H2- 3J 
H3HH- I I 
0312- 33 
03ft- II 
0312— 33 
U 3 H H— I I 
1312- 33 
030 0- I I 
0302- 33 
ISM- I I 
1312- 33 
131 

The only way to slop ;t loop like this is to press [RESE T 



CREATING YOUR OWN COMMANDS 

The USER 1 1 CTRL Yl > command, when encountered in ihe inpul line, forces the Monitor lo 
jump lo location number S3I 8 in memory. You can pul your own JMP instruction in this loca- 
lion which will jump to your own program Your program can then cither examine ihe Monitor's 
regi sters and pointers or the inpul line itself. For example, here is a program which will make 
the ICTRL V~1 command acl as a "comment" indicator; everything on the input line following 
the [CTRL V | will he displayed ;ind ignored. 



• F6 6 6G 










!3#0;LDY S34 








iitf- 

! LDA 


\4 

209 .Y 


34 




LDY 


S3 4 


0302- 

! JSR 


B9 

FDED 


00 


#2 


LDA 


S0200 


I3#5— 

! INY 


2*1 


CD 


hj 


JSR 


SIDED 


03 H8- 

! fMP 


L8 

#S8D 






1 M 




93*9- 

! UNE 


C9 
302 


SD 




CMP 


#$81) 


3 0B- 

! JMP 


M 

SFF69 


FS 




BNI 


S0302 


3 0D- 

! 3F8 : 


4C 69 


PF 


JMP 


SFF69 


03F8- 


4C 


00 


g J 


IMP 





■SFF69G 

. [CTRL V| THIS IS A TEST 
IIII s IS \ I KS1 . 



SUMMARY OF MONITOR COMMANDS 

Summary of Minuter Commands. 



I ». Memory. 

ladrsl 

[adrsl].{adrs2] 
IRETLIRN | 

Changing the Contents of Meniun 

|ddrs|:|val| | valf ... 

:(val] |val| 

Moving and ('nniparinu. 

|d«t|<lsturl|.|cnd)M 

|desi| < |sturi|.|end|V 

Saving and Loading \ia Tape. 

|sian}.(end|w 
|start).(end|R 

Runnine and Listing Programs. 

|adrs|G 

[adrsll 



Examines the value contained in one location. 

Displays the values contained in nit locations 
between ladrsl) and |adrS2]. 

Displays the values in up to eight locations fol- 
lowing the last opened location. 



Stores the values in consecutive memory loca- 
tions starting at [udrs). 

Stores values in memory starling at the ncxi 
changeable location. 



Copies the values in the range (stait]>tend] into 
the runge beginning at |dcst). 

Compares ihe values in the range {slant, lend) 
lo those in ihe range beginning at Idestf. 



Wrues Ihe values in Ihe memory range 
{start I . lend] onto tape, preceded by a ten- 
second leader. 

Reads values from tape, storing them in 
memory beginning at Istarll and slopping at 
|end|. Prints •'ERR*' if an error occurs. 



Transfers control 10 ihe machine language pro- 
gram beginning at (adrs|. 

Disassembles and displays 20 instructions, start- 
ing at (adrs|. Subsequent L's will display 20 
more instructions each. 
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Summary of Monitor Commands. 



The Mini- Assembler 
P666G 
S I command I 

SFF69G 
ladrs) S 

tudrs] T 

ICTRI- Kl 

Misctllailtcius. 

t 

N 



[CTRL Bl 

IctrlcI 

|val] + |val| 
{valt-|val| 

(slot] jCTRI. P| 
[slot] | CTRL k| 



CTRL V 



" \ni jvmUMe in <hc Apple II Plm 
" Men IValltMe in Ihc Aui.nt.irt HUM 



Invoke the Mini-Assembler.' 

Execute a Monitor command I'rom the Mini- 
Assembler 

Leave the Mini-Assembler. 

Disassemble, display, and execute ihe instruc- 
tion at (adrsj, and display the contents of Ihe 
6502"s internal registers. Subsequeni S's will 
display and execute successive Inst rue lions.*' 

Step infinitely. The TRACE command slops 
only when ii executes a BRK instruction or 
when you press |RESET| ." 

Display ihe contents of the 65fl2"s registers. 



Set Inverse display mode. 
Set Normal display mode. 

Enter the language currently installed in the 
Apple's ROM. 

Reenter the language currently installed in the 
Apple's ROM. 

Add the two values and print the result. 

Subtract the second value from the first and 
prim the result. 

Divert output to the device whose interface 
card is in sloi number (slot). If |slot|=0, then 
route output to the Apple's screen. 

Accept input from the device whose interface 
card is in slot number Islotr, If lsloi|=0, then 
accept input from the Apple's keyboard. 

Jump to the machine language subroutine at 
location SJF8. 



It- 

m 



Si 

fir 



SOME USEFUL MONITOR SUBROUTINES 



Here is u lisi of sonic- useful subroutines in the Apple's Monitor and Autostart ROMs, To use 
these subroutines from machine language programs, load ihe proper memory locations or 6502 
registers as required by the subroutine and execute a JSR 10 ihe subroutine's starling address. Ii 
will perform the function and return with the 6502's registers set us described. 

SFDED COLT Output .1 character 

COUT is ihe standard character output subroutine. The character to be output should be in the 
accumulator COUT calls the current character output subroutine whose address is stored in 
CSW (locations Sib and $37), usually COUTI (see below), 

SFDFfl COUTI Output i.i screen 

COUTI displays the character in the accumulator on the Apple's screen at the current output cur- 
sor position and advances the output cursor. It places the character using the setting of the 
Normal/Inverse location. It handles the control characters RETURN, linefeed, and bell. It 
returns with all registers intact. 

$FE8» SETINV Set Inverse mod* 

Sets Inverse video mode for COUTI. All output characters will be displayed as black dots on a 
white background. The Y register is set to S3F, all others arc unchanged. 

SI I vi SETNORM Set Normal mode 

Sets Normal video mode for COUTI. All outpui characters wwJII be displayed as white dots on a 
black background. The Y register is set to SFF. all others are unchanged. 

SFD8E CROUT Generate a RETURN 

GROUT sends a RETURN character to the current output device. 

SFD8B t'ROl I I RETURN with dear 

CROUT1 clears the screen from the current cursor position to the edge of the text window, then 
calls CROIT. 

SHH>A PRHYTF Print a hexadecimal b>te 

This subroutine outputs the contents of Ihe accumulator in hexadecimal on Ihe current output 
device. The contents of the accumulator are scrambled, 

SFDE3 PRHEX Print a hexadecimal digit 

This subroutine outputs the lower nybble of the accumulator as a single hexadecimal digit. The 
contents of the accumulator are scrambled. 

SEW I PRNTAX Print A and X in hexadecimal 

This outputs the contents of the A and X reistcrs as a four-digit hexadecimal value. The accu- 
mulator contains the first byte output, the X register contains the second. The contents of the 
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accumulator arc usually scrambled. 

$K948 PRBLNK Print J spaces 

Outputs three blank spaces to the standard output device. Upon exit, the accumulator usually 
contains SAW, the X register contains 0. 

$F94A PRBL2 Print many blank spaces 



SFF3A BEI.I. Output a "bell" character 



SFHDD BELLI Beep the Apple's speaker 



SFDWC" UHKM Gel an input character 



fc- 



This subroutine outputs from 1 to 256 blanks to the standard output device. Upon entry, the X 
register should contain the number of blanks to be output. II" X-S0B. then PRBL2 will output ^ 
256 blanks B?» 



This subrouline sends u bell ICTRL G) character to the current output device. It leaves the 
accumulator holding $87. ES 



This subroutine beeps the Apple's speaker Tor I second a.1 I KHz It scrambles the A and X 
registers, fc - 



fc- 



This is the standard character input subroutine. II places a Hashing input cursor on the screen at _ 

the position or the output cursor and jumps to the current input subroutine whose address is fc» 
stored in KSW (locutions S3 8 and S3 ), usually KEYIN (see below). 

SFD35 RDUIAR Get an input character nr ESC code 

RDCHAR is an alternate input subrouline which gels characters from the standard input, but also Ife 
interprets the eleven escape codes (see page 34). 

SFDIB KEVIN Read the Apple's keyboard 

This is the keyboard input subroutine. It reads the Apple's keyboard, wails for a keypress, and ft>> 
randomizes the random number seed (see page 32). When it gets a keypress, it removes the 
flashing cursor and returns with the keycodc in the accumulator. ^ 

SFU6A GETLN Get an input line with prompt 

GETLN is the subroutine which gathers input lines (see page 33). Your programs can call 
GETLN with the proper prompt character in location S33; GETLN will return with the input line g 
in the input burTer (beginning at location S2W) and ihe X register holding the length of the input — 
line. 

g 

SFD67 GETLN 7, Get an input lint 

E 

GETLNZ is an alternate entry point for GETLN which issues a carriage return to the standard — 
output before falling into GETLN (see above). 



fer 
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■jl DM GETLN1 Get an inpul line, no prompt 

GETLNI is an alternate entry point Tor GETI.N which does noi issue a prompi before it gathers 
the input line. If, however, the user cancels the input line, either with too many backspaces or 
with a 1CTRL X| , then GETLNI will issue the contents of location $33 as a prompt when it gets 
another line, 

SFCA8 WAIT »cla> 

This subroutine delays lor a specific amount of lime, then returns to the program which called it. 
The amouni of delay is specified by the contents of the accumulator. With A the contents of the 
accumulator, the delay is '/j(26 + 27A + 5A 3 ) ji seconds. WAIT returns with the A register zeroed 
and the X and Y registers undisturbed 

SF864 SETCOL Sel Low-Res (iraphks color 

This subroutine sets the color used for ploUing on the Low-Res screen to the color passed in the 
accumulator. See page 17 for a table of Low-Res colors. 

$F85F NKXTrOL Increment color by r3 

This adds 3 to the current color used for Low-Res Graphics 

$KK«» PLOT Plot a block on the LoW-Res screen 

This subroutine plots a single block on the Low-Res screen of the prespecified color. The block's 
vertical position is passed in the accumulator, its horizontal position in the Y register. PLOT 
returns with the accumulator scrambled, but X and Y unmolested. 

SF819 HEINE Draw a horizontal line of blocks 

This subroutine draws a horizontal line or blocks of the predetermined color on the Low-Res 
screen. You should call HLINE with the vertical coordinate of the line in the accumulator, the 
leftmost horizontal coordinate in the Y register, and the rightmost horizontal coordinate in loca- 
tion S2C. HLINE returns with A and Y scrambled, X intact. 

0121 VL1NE Draw a vertical line of blocks 

This subroutine draws a vertical line of blocks of the predetermined color on the Low-Res screen. 
You should call VLINE with the horizontal coordinate of the line in the Y register, the lop verti- 
cal coordinate in the accumulator, and the bottom vertical coordinate in location S2D VLINE 
will return with the accumulator scrambled. 

SF832 CLRSCR Clear the entire Low-Res screen 

CLRSCR clears the entire Low-resolution Graphics screen, If you call CLRSCR while the video 
display is in Text mode, it will fill the screen with inverse-mode "@" characters, CLRSCR des- 
troys the contents of A and Y. 

SF83* CLRTOP Clear the top of the Low-Res screen 

CLRTOP is the same as CLRSCR (above), except that it clears only the lop 40 rows of the 
screen 
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SF87I SCRN Read Ihe l ow -Res screen -d 

This subroutine returns ihe color of a single block on ihe Low-Res screen. Call ii us you would 

cull PLOT (above). The color of the block will be relumed in Ihe accumulator. No other regis- ^ 

lers are changed. 

SFBIE PREAD Read a (jam* Controller H? 

PREAD will return a number which represents ihe position of a game controller. You should 
pass ihe number of the game controller (0 to 3) in the X register. If this number is not valid, 

strange things may happen. PREAD returns with a number from CO SFF in the Y register. — 
The accumulator is scrambled. 

SFF2D PR ERR Prinl "ERR" j£ 

Sends the word 'ERR", followed by a bell character, to Ihe standard output device. The uecu- 

mutator is scrambled 

$FF4A (OSAVE Save all registers g 

The contents of ihe 6502's internal registers are saved in locations S45 through S49 in ihe order 

A-X-Y-P-S. The contents of A and X are changed; the decimal mode is cleared. B 

SFF3F IOREST Restore all registers g 

The contents of the 6502's internal registers are loaded from locations S45 through S49 , 

fit; 
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MONITOR SPECIAL LOCATIONS 



Table 14: Page Three Monitor Locations 


Address 
Decirmil Hex 


Use 

Monitor ROM Autostart ROM 


IMS S3F0 
I0t»9 I3F1 


None. 


Holds the ;ulUre*v 
nf the subroutine 
which handles 
machine language 
*'BRK" requests 
(normally SFA59) 


1010 S3F2 
10] I S3F3 


None, 


Soft Entry Vector. 


1012 S3F4 


None. 


Powcr-up Byte. 


1013 S3F5 

1014 WFfi 

1015 S3F7 


Holds .i "JuMP" instruction io the 
subrouime which handles Applesoft II 
"A" commands ' Normally S4C S5S 
SPF. 


1016 S3F8 

1017 S3F9 

1018 S3 FA 


Holds a "JuMP" instruction to the 
subroutine mS'ilIi h.iiidk". 1 SIR" 
i t iki. ^ I > commands. 


1019 S3FB 
1028 S3FC 
1021 S3FD 


Holds a •"JuMP" instruction to the 
subroutine which handles Non- 
M;i«kable Interrupts 


1022 S3FF. 

1023 S3FF 


Holds i he address of the subroutine 
which handles Interrupt ReQuests. 



• See pap 123 In I he \ppli-.nn II B\sit Keferenn Manual 
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MINI-ASSEMBLER INSTRUCTION FORMATS 



The Apple Mini-Assembler recognizes 56 mnemonics and 13 addressing formats used in 6502 
Assembly language programming. The mnemonics arc Standard, as used in Ihc MOS 
Techni>lofi>/S}nprtuk 65111) Programming Manual (Apple pan number A2L0003), bui the 
addressing I'ormais are difl'ereni Mere are ihe Apple standard address mode formats for 6502 
Assembly Language: 



Table 15: Mini-Assembler Address Formats 


Mode: 


Format: 


Accumulator 


None. 


Immediate 


#S lvalue! 


Absolute 


SI address) 


Zero Page 


S| address! 


Indexed Zero Page 


Siaddressl.X 




Sladdrcssl.Y 


Indexed Absolute 


Sladdressl.X 




S|address),Y 


Implied 


None. 


Relalive 


Sladdressl 


Indexed Indirect 


(S|addrcssl.X) 


lildiiVLt Indexed 


(S|address!),Y 


Absolute Indirect 


ISladdrcssll 



E 

m 
m 



An (address) consists of one or mure hexadecimal digits. 1 lie Mini- Assembler interprets 
addresses in the same manner thai the Monitor does: if an address has fewer than four digits, it 
adds leading zeroes; if n has more than four digits, then it uses only Ihe lasi lour 



All dollar signs ISI. signifying that the addresses are in hexadecimal 
Mini-Assembler and may he omitted. 



notation, are ignored by the 



There is no syntactical distinction between the Absolute and Zero Page addressing modes. If you 
give an instruction to the Mini-Assembler which can be used in both Absolute and Zero-Page 
mode, then the Mini-Assembler will assemble thai instruction in Absolute mode if the operand 
for thai instruction is greater than $FF, and it will assemble that instruction in Zero Page mode if 
Ihe operand for that instruction is less than 50100. 



Instructions with the Accumulator and Implied addressing modes need no operand. 

.Branch instructions, which use the Relative addressing mode, require Ihe tawr addrrss of Ihc 
branch. The Mini-Assembler will automatically figure out the relative distance to use in the 
instruction If ihe larget address is more than 127 locations distant from the insi ruction, ihen the 
Mini-Assembler wil sound j "beep", place a circumfex C) under the target address, and ignore 
the line, 

II" you give ihe Mini-Assembler ihe mnemonic for an instruction and an operand, and the 
addressing mode of Ihe operand cannot be used wiih ihe instruction you entered, then the Mini- 
Assembler will not accept Ihe line. 



E 
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The Apple's 6502 microprocessor can directly reference a tolal of 65,536 distinct memory loca- 
tions. You tan think of the Apple's memory as a book with 256 "pages", with 256 memory loca- 
tions on each page. For example, "page S30" is the 256 memory locations beginning at locaiion 
S3000 and ending at locution S30FF. Since the 6502 uses two eight-bit bytes to form the address 
of any memory location, you can think or one of the bytes as the page number and the other as 
I he location wiihin ihe page. 

The Apple's 256 pages or memory fall inlci Ihree categories: Random Access Memory (RAMI, 
Read-Only Memory (ROM), and Inpui/Outpui locations (I/O). Different areas of memory are 
dedicated to different functions. The Apple's basic memory map looks like this: 



System Memory Mnp 


Page Number: 
Decimal Hex 


S0t> 

1 $91 

2 S02 


RAM (48K) 


m SBE 
191 SBF 




192 SC0 

193 SCI 






I/O (2KJ 


198 SC6 

199 SC7 




200 SC'8 

201 |C9 


I/O ROM (2K) 


206 SCE 

207 SCF 




20S SIM 
209 SOI 


ROM (I2K) 


254 SFE 

255 SI !• 





s 
s 



Figure 5. System Memory Map 



RAM STORAGE 



The area in the Apple's memory map which is allocated for RAM memory begins at the bollom 
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of Page Zero and extends up les the end of Page 19!. The Apple has ihe capacity 1o house from 
4K (4,0% bytes) to 48K (49.152 bytes) of RAM on its main circuit board. In addition, you can 
expand the RAM memory of your Apple ull the way up to 64K (65.536 bytes) by installing an 
Apple Language Card (part number A2BOO06) This extra I6K of RAM lakes the place of the 
Apple's ROM memory, with two 4K. segmenis oi RAM sharing the 4K range from SDMI to 
SDFFF. 

Most of your Apple's RAM memory is available to you for the storage of programs and data, 
The Apple, however, does reserve some locutions in RAM for use of the System Monitor, vari- 
ous languages, and other system functions. Here is a map of the available areas in RAM 
memory: 



Table 16: RAM Organization and I sag? 


Page Number: 
Decimal Hex 


Used For: 


m 


System Programs 


i m 


System Slack 


2 SB2 


GETLN Input Buffer 


[3 893 


Monitor Vector Locations 


4 SB4 

5 »5 

6 S06 
SB? 


Text and Lo-Res Graphics 
Primary Page Storage 


8 m 

9 $09 

10 SB A 

11 SBB 


Text and Lo-Res Graphics 
Secondary Page Storage 


FREE 
RAM 


12 SBC 

through 

31 SIF 




32 S2B 
through 

_63 S3F 


Hi-Res Graphics 
Primary Page 
Storage 


64 S4B 
through 

95 S5F 


Hi-Res Graphics 
Secondary Page 
Storage 


96 S60 

through 

191 SRF 







Following is a breakdown of which ranges are assigned to which functions: 

Zero Page. Due to Ihe construction of the Apple's 6502 microprocessor, the lowermost page in 
the Apple's memory is prime real estate for machine language programs. The System Monitor 
uses about 20 locations on Page Zero: Apple Integer BASIC uses a few more; and Applesoft II 
BASIC and the Apple Disk Operating Syfteffl use the rest Tables 18. 19, 20, and 21 show the 
locations on zero page which are used by these system functions. 

Page One The Apple's 6502 microprocessor reserves all 256 bytes of Page 1 for use as a 
"slack ". Even though lhc Apple usually uses less than half or this page at any one time, il is not 
easy to determine }usl what is being used and what is lying fallow, so you shouldn't try to use 
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Page 1 to siore any daia. 

Page Two. The GETLN subroutine, which is used 10 get inpul lines by most programs and 
languages, uses Page 2 as its inpul buffer If you're sure lhal you won't be typing any long input 
lines, ihcn you can (somewhat) safely store temporary data in the upper regions of Page 2. 

Page Three. The Apple's Monitor ROM (both the Autostart and the original) use the upper six- 
teen locations in Page Three, from location S3HI to SJFF (decimal 1008 to 1023). The 
Monitor's use of these locations is outlined on page 62. 

Pages Four through Seven This 1,024-byte range of memory locations is used for the Test and 
Low-Resolution Graphics Primary Page display, and is therefore unusable for storage purposes. 
There arc 64 locations in this range which are not displayed nn the screen. These 64 locations arc 
reserved for use by the peripheral cards (sec page 82). 



RAM CONFIGURATION BLOCKS 

The Apple's RAM memory is composed of eight io 24 iniegratcd circuits These IC's reside in 
three rows of sockets on the Apple board. Each row can hold eight chips of either the 4.096-bil 
(4K) or 16.384-bit (16K) variety. The 4K RAM chips are of the Mostek "4096'' family, and 
may be marked "MK4096 " or "MCM6604". The 1 6K chips are of the "4116" type, and may 
have the denomination "MK41 16" or "UPD4I60". Each row must have eight of the same type 
of chip, although different rows may hold different types. 

A row of eighi 16 K IC's represents 16.384 eight-bit bytes of RAM. The leftmost 1C in a row 
represents the lowermost (least significant) bit of every byte in that range, and the rightmost IC 
in a row represents the uppermost (most significant) bit of every byte. The row of RAM IC's 
which is frontmost on the Apple board holds the RAM memory which begins at location in the 
memory map. the next row back continues where the first left off. 

You can tell the Apple how much memory it has. and of what type it is, by plugging Memory 
Configuration Blocks into three IC sockets on the left side of the Apple board. These 
configuration blocks are three 14-legged critters which look like big. boxy integrated circuits. Bui 
there are no chips inside of ihcm; only three jumper wires in each. The jumper wires "strap" 
each row of RAM chips into a specific place in the Apple's memory map. All three configuration 
blocks should he strapped the same way. Apple supplies several types of standard configuration 
blocks for the most common system sizes. A set of these was installed in your Apple when it was 
built, and you get a new set each time you purchase additional memory for your Apple. If, how- 
ever, you want 10 expand your Apple's memory with some RAM chips ihat you did not purchase 
from Apple, you may have m construct your own configuration blocks (or modify the ones 
already in your Apple). 

There are nine different RAM memory configurations possible in your Apple. These nine 
memory sizes arc made up from various combinations of 4K and 16K RAM chips in the three 
rows of sockets in your Apple. The nine memory configurations arc: 



m 



n 



SC0M 



SBMfl 
$AfMM 

mm 

S40W 

■r. ,v> 

System 
Size 



I6K 



I6K 



4K 



InK 



16K 



I6K 



4K 



4K 



I6K 



4K 



16K IfiK 



4K 



4K 



4K 



4K 



4K 



4K 



48K .16K 32K 24K. 20K. I6K I2K 8K 4K 



Figure 6. Memory Configurations 



Ol the fourteen "legs" on each controller block, the three; in (he upper-right corner (looking ai it 
from above) represent ihe three rows or RAM chips on the Apple's main board. There should 
be a wire jumper from each one of these pins to another pin in the configuration block, The 
"other pin" corresponds 10 a place in the Apple's memory map where you wanl the RAM chips 
in each row to reside. The pins on the configuration block are represented thus: 



4K range 
4K range 
4K range 
4K range 
4K range 
4K range 
4K range 



MM* 
SIMM 
S2B00 
S3M6- 
S40W 
$5000 



MFFF 

Sil l I 

S2FFF 

$3FFF 

S4FFF 

S5FFF 

I8FFF 



/ o 


U 


Frontmost row ("C") 




IS 


Middle row C D") 


J 


12 


Backmost row C'E"> 




11 


No connection. 


5 


10 


16K range S00fl0-S3FFF 


6 


9 


I6K range S44HW-S7FFF 


7 


8 


] 6K range S8000-SBFFF 



Figure 7. Memory (onlmuratioii 
Black Finouts 

II a row contains eight chips of the I6K variety, ihen you should connect a jumper wire from the 
pin corresponding to that row to a pin corresponding lo a 16K range of memory Similarly, if a 
row contains eight 4K chips, you should connect a jumper wire from the pin for Ihul row lo a pin 
corresponding lo a 4K. range of memory. You should newr put 4K chips in a row strapped lor 
16K. or vice versa. Il is also not advisable to leave a row unstrapped, or to strap two rows into 
the same range of memory. 

You should always make sure that there is some kind of memory beginning at location %. Your 
Apple's memory should be in one contiguous hlock. but it does not need to be. For example, il 
you have only three sets of 4K chips, but you want to use Ihe primary page of the High- 
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Resolution Graphics mode, Ihen you WOttld strap one row of 4K chips 10 the beginning of 
memory 14K range $0000 through S0FFFI. and sirup ihe other two rows to the memory range 
used by the High-Resolution Graphics primary page (4K ranges S2000 through S2FFF and 43000 
through S3FFF). This will give you 4K bytes of RAM memory to work with, and 8K bytes of 
RAM to be used as ;i picture buffer. 

Notice thai (he configuration blocks are installed into Ihe Apple with their front edges (the edge 
with ihe while dot. representing pin 1 1 towards the front of ihe Apple. 

There is a problem in Apples with Revision boards and 20K or 24K of R AM. In these systems, 
the 8K range of ihe memory map from S4000 lo S5FFF is duplicated in the memory range S60M 
to S7FFF, regardless of whether it contains RAM or not. So systems whh only 20K or 24K of 
RAM would appear to have 24K or 36K, but this extra RAM would be only imaginary. This has 
been changed in the Revision I Apple boards. 



The Apple, in us natural Mate, can hold from 2J£ '2.048 bytes) to 12K 112.288 bytes* of Read- 
Only memory on its main board. This ROM memory can include the System Monitor, a couple 
of dialects of the BASIC language, various system and utility programs, or pre-packaged 
subroutines such as are included in Apple's Prunranimvr's An/ # / ROM. 

The Apple's ROM memory resides in the lop 12K (48 pages) of the memory map, beginning al 
location SD000 For proper operation of Ihe Apple, there must be some kind of ROM in the 
upppcrmosi locations of memory. When you turn on Ihe Apple's power supply, the microproces- 
sor must have some program to execute. It goes to the lop locations in the memory map for the 
address of this program In the Apple, this address is stored in ROM. and is the address of a pro- 
gram within ihe same ROM. This program initializes the Apple and lets you start lo use it. (For 
a description of the startup cycle, see "The RESET Cycle", page 36.) 

Here is a map of the Apple's ROM memory , and of the programs and packages ihat Apple 
currently supports in ROM: 



ROM STORAGE 



I able I": ROM Oruaiii/ali.m and I ■.am' 



Page Number: 
Decimal Hen 



Used By 



208 S09 

212 SL>4 

216 SD8 

220 SDC 

224 SE0 

228 SF.4 

232 SE8 

236 SEC 

240 SF0 



Programmer's Aid #1 



Integer BASIC 



Applesoft 



II 

BASIC 



244 SF4 



i i .i Subroutines 



248 SF8 

252 SFC 



Monitor ROM 



Aulostarl ROM 
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Six 24-pin If sockets (in the Apple's board hold the ROM integrated circuits. Each sockei can 
hold one of a type 931611 2,048-byle by 8-bil Read-Only Memory. The leflmost ROM in the 
Apple's board holds ihe upper 2K of ROM in ihe Apple's memory map; the rightmost ROM IC 
holds ihe ROM memory beginning al page SD0 in ihe memory map. If a ROM is not present in 
a given socket, then the values contained in the memory range corresponding to thai -socket will 
be unpredictable. 

The Apple Firmware card can disable some or till of the ROMs on the Apple board, and substi- 
tute its own ROMs in their place. When you have un Apple Firmware card installed in any slot in 
the Apple's board, you can disable the Apple's on-board ROMs by flipping the card's controller 
switch to Its UP position and pressing and releasing the IRKSKTl button, or by referencing location 
SCflStl (decimal 49280 or -16256). To enable t he Apple 's on-board ROMs again, flip the con- 
troller switch to the DOWN position and press [RESET] , or reference location SC081 (decimal 
49281 or - 16255 1 . For more information, sec Appendix A of the Applesoft II BASIC Program- 
iii i hi; Rtfi-rtiiiL' Manual 



I/O LOCATIONS 

4,096 memory locations <!6 pagesl of the Apple's memory map are dedicated to input and output 
functions. This 4K range begins at location SC'000 (decimal 49152 or -16384) and extends on up 
to location Sf'h'FF (decimal 53247 m -12289* Since these functions are somewhat intricate, they 
have been given a chapter all to Ihemselves. Please see Chapter 5 for information i>n ihe alloca- 
tion of Input/Output locations. 
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ZERO PAGE MEMORY MAPS 







Tabl.- IK: 


Monitor Zero PaRe Usage 












Decimal 


12 3 4 


5 6 7 8 9 10 


1 1 


12 


13 


14 


IS 




Ilex 


SB SI 52 S3 S4 


$5 S6 S7 S8 $9 $A 


SB 


sc 


SD 


SE 


SF 





500 
















16 


$10 
















32 


520 
















4S 


S30 
















(•4 
80 


S40 
550 












• 


■ 


96 


S60 
















112 


570 
















128 


S80 
















144 


$90 


















SAB 
















I7f. 


SB0 
















192 


sea 
















2 VlS 


$Di* 
















224 


SE0 
















240 


SI 

















e 



Tabic 19: Applesoft II BASK Zero Pane L sayie 



Decimal 
Hex 



1 2 3 4 5 6 7 8 9 IB 11 12 13 14 15 
SB SI S2 S3 S4 S3 S6 S7 S8 S9 SA SB SC SD SE SF 



500 

510 

S20 
530 
S40 
80 S50 
96 S60 
112 S70 
128 S80 
144 S90 
160 SA0 
176 SB0 
192 SCO 
208 SD0 
224 SE0 
240 SF0 



i 



n 

5 
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Table 20: Apple DOS 3.2 /.em Past- I sage 


Decimal 


1 


2345678 9 10 


11 


! ? 


13 


14 


IS 




Hex 


S0 SI 


S2 S3 S4 SS 56 S7 SS S9 SA 


SB 


$C 


SD 


SH 


SH 





stw 
















16 


SI 61 
















32 
48 


$20 
$30 




• • • 








* 


* 


64 


S40 


• • 


■ •••••a ■ 


• 


• 


■ 






80 


S50 
















96 


$60 




• • ■ ■ 










• 


112 


$70 


* 














128 


$80 
















144 


$90 
















160 


SA0 














• 


176 


SB0 


■ 














192 


SC0 




• 


• 


• 


■ 






208 


SD0 




• 












224 


SE0 
















240 


SFfl 





















Table 21: Integer 


BASIC Zero Page Usage 










Decimal 


1 2 3 4 ? 


6 7 S 9 10 11 


12 


13 


14 


15 




Ilex 


$0 SI $2 S3 S4 $5 


S6 $7 $8 S9 SA SB 


SC 


SI) 


$E 


$F 





S00 














id 


$10 














32 


S20 














48 


S30 














(.4 


$40 




■ ■ 


• 


• 






80 


$50 














96 


S60 














112 


S70 














128 


S80 














144 


$90 














160 
















176 


SB0 














192 


SC0 














208 


SD0 














224 


SE0 














240 


SI 
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CHAPTER 5 

INPUT/OUTPUT STRUCTURE 




78 BUILT-IN I/O 

79 PERIPHERAL BOARD I/O 

80 PERIPHERAL CARD I/O SPACE 

80 PERIPHERAL CARD ROM SPACE 

81 I/O PROGRAMMING SUGGESTIONS 

82 PERIPHERAL SLOT SCRATCHPAD RAM 

83 THE CSW/KSW SWITCHES 

84 EXPANSION ROM 
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The Apple's Input and Output functions fall into two basic categories: those functions which are 
performed on the Apple's board itself, and those functions which ure performed by peripheral — 
interface curds plugged inio the Apple's eight peripheral "slots". Both of these functions com- 
municate to the microprocessor and your programs via 4.096 locations in the Apple's memory £ 
map. This chapter describes the memory mapping and operation of the various input and output ~ 
controls and functions; the hardware which executes Ihese functions is described in the next _ 
chapter. * 



BUILT-IN I/O 



Flat! Inputs Most built-in input locutions on the Apple are single-bit 'Hags'. These llags appear 
in the highest (eighth) bit position in their respective memory locations. Flags have only two 
values: on' and 'ofT. The setting or a (lag can be tested easily from any language. A higher- 
level language can use a "PEEK" or similar command to read the value of a Dag location: if the 
PEEKett value is greater than or equal to 128. then the ilag is on; if the value is less than 128. 
the Ilag is off Machine language programs can load the contents of a flag location into one of the 
6502's internal registers for use the BIT instruction) and branch depending upon ihe setting of 
the N (sign) Ilag. A BM1 instruction will cause a branch if the flag is on. and a BPl. instruction 
will cause a branch if Ihe flag is off. 

The Single-Bit (Pushbutton) inputs, the Cassette input, the Keyboard Strobe, and the Game Con- 
troller inputs arc all of this type. 

StKlbc Outputs. The Utility Strobe, the Clear Keyboard Strobe, and ihe Game Conlroller Strobe 
are all controlled by memory locations. If your program reads ihe contents of one of ihese loca- 
tions, ihcn the function associated with lhal loculion will be activated. In Ihe case of the Utility 
Strobe, pin 5 on ihe Game I/O connector will drop from +5 volts 10 volts for a period of .98 
microseconds, then rise back to +5 again; in the case of Ihe Keyboard Strobe, Ihe Keyboard's 
Ilag input tsec above) will be turned off; and in Ihe case of the Game Controller Sirobe. all of the 
Rag inputs of the Game Controllers will be turned off and their timing loops restarted. 

Your program can also trigger the Keyboard* and Game Controller Strobes by writing to their con- 
trolling locations, but you should not write m the Utility Strobe location. If you do. you will pro- 
duce riUO .98 microsecond pulses, about 24.43 nanoseconds apart, This is due to the method in 
which ihe 6502 writes to a memory location: first it reads the contents of that location, then it 
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Mod of ihe Apple's inherent I/O facilities are described briefly in Chapter ], Approaching your £ 
Apple". For a short description of these facilities, please see t hat chapter. 

The Apple's on-board I/O functions are controlled by 128 memory locations in the Apple's — 
memory map. beginning at location SCtHM and extending up through location SCH7F (decimal 
49152 through 49279. or -16384 through -162571. Twenty-seven different functions share these - 
128 locations. Obviously, some functions are affected by more than one location, in some ~~ 
instances, as many as sixteen different locations all can perform exactly ihe same function. These 
128 local ions fall into five types; Pate Inputs. Strobes. Soft Switches. Toggle Switches, and Flag — 
Inputs. 

E 

Data Inputs. The only Data Inpui on ihe Apple board is a location whose value represents the 
current stale of ihe Apple's built-in keyboard. The uppermost bit of this input is akin to the Flag — 
Inputs (see below), ihe lower seven bits are the ASCII code of the key which was most recently — 
pressed on the keyboard. 
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wriies over ihem This double pulse will go unnoticed for ihe Keyboard and Game Controller 
Sirohes, hui may cause problems if it appears on ihe Utility Strobe. 

luujik Switches. Two olher strobe outputs are connected internally to two-state "flip-flops". 
Each lime you read from ihe location associated with ihe strobe, its flip-flop will "toggle" to its 
olher stale These toggle switches drive the Cassette Output and the internal Speaker. There is 
no practical way to determine the setting of an internal toggle switch. Because of the nature of 
ihe toggle switches, you should only read from iheir controlling locations, and not write to them 
(.see Strobe Outputs, above*. 

Sufi Switches, SoR Switches .ire iwo-posiiion switches in which each side or the switch is con- 
trolled by an individual memory location. If you reference the location for one side of the 
switch, it will throw the switch ih.it way. if you reference Ihe location for the olher side, it will 
throw the switch ihe oiher way. It sets the switch without regard to its former setting, and there 
is no way to determine the position a soft switch is in. You can safely write to soft switch con- 
trolling locations: two pulses are as good as one I sec Strobe Outputs, above). The Annunciator 
outputs and all of the Video mode selections are controlled by soft switches. 



The special memory locations which control the built-in Input and Output functions are arranged 
thus: 











Table 22: 


Built-in I/O r.ocutiiniv 






SO 


SI 


S2 


S3 


S4 


S5 


56 S7 


SS S9 SA SB SC SD 


sL ST 


SCftH) 


Keyboard Rata Inpul 


S< 010 


Clear Keyboard Strobe 


$CH2fl 


Cassette Output Toggle 


SC030 


Speaker Toggle 


SCA4B 


1 til 


ily Strobe 














S( 050 


V 


i> 


nomix 


mm 


pn 


sec 


lures | liiics 


■ -ef Jill J»2 




SC060 


tin 


pbl 




pbJ 




jcl 


gtj 1 gc3 


repeal SCMV-SCM7 


SC 070 


Game Controller Strobe 



Key to abbreviations: 





Sel GRAPHICS mode 


tx 


Set TEXT mode 


nomlx 


Set all text or graphics 


mm 


Mix text and graphics 


prl 


Display primary page 


sec 


Display secondary page 


lores 


Display l ow-Res Graphics 


h i rc •. 


Display Hi-Res Graphics 


an 


Annunciator outputs 


P b 


Pushbutton inpuis 


gC 


Game Controller inputs 


cin 


Cassette Inpul 



PERIPHERAL BOARD I/O 

Along Ihe back of Ihe Apple's main board is a row of eight long "slots", or Peripheral Connec- 
tors Inio seven of ihese eight slots, you can plug any of many Peripheral Interface boards 
designed especially for Ihe Apple. In order to make the peripheral cards simpler and more versa- 
tile, the Apple's circuitry has allocated a toial of 280 byte locations in the memory map lor each 
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of seven slots. There is also a 2K. byte "common area", which nil peripheral curds in your Apple 
can share. 

Each slol on Ihe board is individually numbered, wiih the leftmost slot called "Slol 0" and the 
rightmost called "Slot 7". Slot is special: it is meant for RAM. ROM, or Interface expansion. 
All other slots ( I through 71 have special control lines going lo them which are aclive al different 
limes for different slots. 



PERIPHERAL CARD I/O SPACE 



Each slot is given sixteen locations beginning at location SC080 lor general input and output pur- 
poses. For slot 0. these .sixteen locations fall in the memory range SC080 ihrough SCB8F: for 
slol I. they're in the range SCfl<J0 through SC09F, el cetera. Each perJpheral card can use these 
locations us it pleases. Each perip heral card can determine when il is being selected by lislening to 
pin 41 (called DEVICE SELECT) on its peripheral connector. Whenever the voltage on this pin 
drops to volts, the address which the microprocessor is calling is somewhere in thai peripheral 
card's 16-byte allocution. The peripheral card can then look al the bottom four address lines to 
determine which of its sixteen addresses is being called. 



1 able 2.': Peripheral < ard I/O 1 oialimi-. 




S0 SI 


$2 S3 S4 S5 S6 $7 


SS S<> SA SB SC SD SE SF 


sent 











SC090 








1 


SC0A0 








2 


SC0B0 




Inpui/Oulpul for slol number 




.1 


scecfl 








4 


SC0D0 








5 


SC0E0 








6 


SC0F0 








7 
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PERIPHERAL CARD ROM SPACE 

Each peripheral slol also has reserved for it one 256-byte page of memory. This page is usually 
used to house 256 bytes of ROM or Programmable ROM (PROM) memory, which contains driv- 
ing programs or subroutines for ihc peripheral card. In this way. the peripheral interlace cards 
can be '"intelligent": they contain iheir own driving software; you do not need lo load separaie 
programs in order to use the interface cards. 

The page of memory reserved for each peripheral slot has the page number SO, where n is ihe 
slol number. Slol Bdoes not have a page reser ved for it so you cannot use most Apple interface 
cards in thai slot The signal on Pin 1 (called I/O SELECT) of each peripheral slol will become 
active (drop from +5 volts lo ground I when ihe microprocessor is referencing an address within 
that slot's reserved page. Peripheral cards can use this signal to enable their PROMs. and use ihe 
lower eight address lines to address each byte in the PROM. 



so 



Table 24: Peripheral Card PROM l.ocati.ms 




Sm SI0 520 S3W S4fl S50 S60 $70 S80 S90 SAfl SB0 SO SDH SFW SFfl 


SC1W 




1 


v. 2m 




2 


S( 300 




9 




PROM space for slot number 


4 


tern 




5 


SC6H 




(i 


Si 700 
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I/O PROGRAMMING SUGGESTIONS 

The programs in peripheral card PROMs should be portable; thai is. they should be able to func- 
tion correctly regardless of where ihey are placed in the Apple's memory map. They should con- 
tain no absolute references to themselves. They should perform all JuMPs with conditional or 
forced branches. 

Of course, you can fill a peripheral card PROM with subroutines which are run portable, and your 
only loss would be that the peripheral card would be slot-dependent. If you're cramped Tor space 
in a peripheral card PROM, you can save many bytes by making the subroutines slot-dependent 

The first thing that a subroutine in a peripheral card PROM should do is to save the values of ait 
of the 6502's internal registers. There is a subroutine called IOSAVL in the Apple's Monitor 
ROM which does just this. It saves the contents of all internal registers in memory locations S45 
through S49, in the order A-X-Y-P-S. This subroutine starts at location SFF4A. A companion 
subroutine, called IOKLSTORL, restores allot the internal registers from these storage locations. 
You should call this subroutine, located at SFF3F. before your PROM subroutine finishes. 

Most single-character input and output is passed in the 6502's Accumulator During output, the 
character to be displayed is in the Accumulator, with its high bit set. During input, your 
subroutine should pass the character received from Ihe input device in the Accumulator, also 
with its high bit set, 

A program in a peripheral card's PROM can determine which slot the card is plugged into by exe- 
cuting this sequence of instructions: 





20 


4A 


i i 


JSR 


SFF4A 


0303- 


78 






SE1 




(8304 - 


20 


58 


FF 


JSR 


$FF58 


0307 - 


BA 






TSX 




0308 - 


BD 


00 


01 


LDA 


S0100.X 


030B- 


STl 


F8 





ST A 


S07F8 


030E- 


29 


0F 




AND 


#S0F 


3 10- 


AS 






TAY 





After a program executes these steps, the slot number which its card is in will be stored in the 
6502's Y index register in the format S0>. where n is ihe slot number. A program in the ROM 
can further process this value by shifting it four bits to the left, to obtain S'fl. 

0311- 98 TYA 



SI 



03 12- 
0313- 
0314- 
0315- 
3 16- 



BA 
HA 
VIA 
0A 
AA 



ASL 
ASL 
AS I 
AS I 
I \\ 



A program Can use i his number in the X index register with the 6502*s indexed addressing mode 
to refer to ihe sixteen I/O locations reserved lor each card. For example, the instruction 



0317- 



BD 80 C0 



LDA SC0S0 . X 



will load the 6502's accumulator with the eontents of the first I/O location used by the peripheral 
card. The address SCMf is the taSt address for the lirsl location used by all eight peripheral 
slols. The address SC081 is the base address for the second I/O location, and so on. Here are 
the base addresses for all sixteen I/O locations on each curd" 



i 







Tahl 


e 2s: 1 /(> 1 in-ill inn 


Ruse Addresses 






la 


Base 








Slot 










Address 





1 


2 


3 


4 


5 


6 


7 


B 


%ci»m 


SC080 


SC090 


SC0A0 


SC0B0 


SC0C0 


SC0O0 


$C0E0 


SC0F0 


SC08 1 


SC081 


SCW1 


SCO Al 


SC0BI 


SCWGI 


S(0l>l 


SC0EI 


S( 0h 1 




SC082 


SC082 


SC893 


SC0A2 


SC0B2 


SC0C2 


SC0D2 


SCIE2 


SC0F2 


i 


SC083 


SC083 


SC093 


SC0A3 


SC0B3 


SC0C3 


SC0D3 


St '01 .! 


SC0F3 




SC084 


SC084 


SC094 


SC0A4 


SC0B4 


SCflC'4 


SC0D4 


St 01 1 


St 0F4 


w 


SC085 


SCB85 


$C095 


$C0A5 


SCOBi 


SC0CS 


SC0D5 


SC0E5 


SC0F5 


SC086 


SC086 


SC096 


SC0A6 


SC0B6 


SC0C6 


SC0D6 


SC0E6 


SC0F6 




SC087 


S<W 


SC097 


5C0A7 


SC0B7 


5C0C7 


scan 7 


SC0E7 


SC0I 1 


i 


SC088 


SC088 


SC09S 


SC0A8 


SC0BX 


SC0C8 


SC0D8 


SC0E8 


SC0F8 




SC089 


SC089 


SC0W 


5C0A9 


SC0B9 


$C0O 


SC0D1 


SC0E9 


SC0F9 


i 


$C08A 


SC08A 


SC09A 


SC0AA 


SC0BA 


s< ^< \ 


SC0DA 


SC0EA 


SCflFA 




SC08B 


SC08B 


SC09B 


SC0AB 


SC0BB 


SC0CB 


SC0DB 


SCflEB 


SC0FR 




SC0SC 


SC08C 


JC09C 


SC0AC 


scum 


SC0CC 


SC0DC 


SC0EC 


SC0FC 


i 


SC08D 


SC08D 


SC09D 


SC0AP 


SC0BD 


SC0CD 


SC0DD 


SC0ED 


SC0FD 




SC08E 


SC08E 


SC09E 


SC0AE 


SC0BE 


SC0CE 


SC0DF 


SC0FF 


SC0FF 


i 


SC08F 


SCMF 


SC09F 


SC0AF 


SC0BF 


SC0CF 


SC0DF 


SC0EP 


SC0FF 












I/O Locations 











PERIPHERAL SLOT SCRATCHPAD RAM 

Each of the eight peripheral slots has reserved for it 8 locations in the Apple's RAM memory 
These 64 locations are actually in memory pages S04 through $07, inside the area reserved for the 
Text and Low-Resolution Graphics video display. The contents of these locations, however, arc 
not displayed on the screen, and their contents are not changed by normal screen operations.* 
The peripheral cards can use these locations for temporary storage of data while the cards are in 
operation These "scratchpad" locations have the following addresses: 



i 



Sec "But Soft ". pugc .'I 
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Table 16: I/O Scratchpad RAM Addresst". 



Base 






Slot Number 






Address 


1 


2 


3 


4 


5 


6 


7 


S0478 


S0474 


S047A 


S047B 


S(M7C 


S047D 


S047E 


S047F 


S04F8 


S04F9 


S04PA 


S04FB 


$04 fc 


it li 


SkMI 1 


S04FF 


$0578 


$0579 


SB57A 


S057B 


S857C 


S057D 


S057F 


Si57F 


S05FS 


S05F9 


5051- \ 


S05FB 


5#5FC 


S05FD 


S05FF 


S05FF 


S0678 


$0d79 


$067 A 


S067B 


$06 7 C 


S067L) 


S867E 


S867F 


S06FS 


SMF9 


S06FA 


506FB 


S06FC 


S06FD 


SKFE 


S06FF 


S0778 


S0779 


S077A 


S077B 


S077C 


S077D 


$07 7 F 


S077F 


SH <F& 


$07 F9 


S07FA 


S07FB 


S07FC 


SB7FD 


$07 FL 


S07FF 



Slot does not have any scratchpad RAM addresses reserved far il. The Base Address locutions 
arc used by Apple DOS 3.2 and are also shared by all peripheral cards Some of these locations 
have dedicated functions location S7F8 holds the slot number (in the format SO) of the peri- 
pheral card which is currently active, and location S5F8 holds the slot number of the disk con- 
troller card from which any active DOS was boolcd. 

By using the slot number S0«, derived in the program example above, a subroutine can directly 
reference any of its eight scratchpad locutions: 



031A- 


B9 


78 


04 


LDA 


S0478 


\ 


03 ID 


99 


F8 


04 


S 1 \ 


S04F8 


V 


0320- 


B9 


78 


05 


LDA 


its?* 


Y 


0323 - 


99 


F« 


05 


STA 


S0SF8 


Y 


0326- 


B9 


78 




[ 1 >A 


S0678 


Y 


0329- 


44 


pi 


06 


STA 


S06FS 


Y 


032C- 


B9 


78 


07 


LDA 


$0778 


1 


03 2F- 


99 


IS 


07 


S 1 \ 


S07F8 


Y 



THE CSW/KSW SWITCHES 

The pair of locutions S36 and 537 (decimal 54 and 55) is called C$W, for "Character output 
SWiich", Individually, location $36 is called CSWL <CSW Low) and locution $37 is called 
CSWH ICSW High*. This pair of locations holds the address of the subroutine which the Apple 
is currently using for single-character output. This address is norma lly SFD F0, the address of the 
COUT subroutine (see page 30). The Monitor's PRINTER ( ft'TRI. I'l l command, and the 
BASK" command PR#. can change this address to be the address of a subroutine in a PROM on 
a peripheral card. Both of these commands put the address SC<r00 into this pair of locutions, 
where » is the slot number given in the command. This is the address of the first location in 
whatever PROM happen-, to be on the peripheral card plugged into thai slot. The Apple will then 
call this subroutine every time it wishes to output one character. This subroutine can use the 
instruction sequences given above to find its slot number and use the I/O and RAM scratchpad 
locations Tor its slot When it is finished, it can either execute an RTS (ReTurn from 
Subroutine) instruction, to return to the program or language which is sending the output, or it 
can jump to the COUT subroutine at location SFDF0. to display the character on Ihe screen and 
then return to the program which is producing output 

Similarly, locations S38 and 39 (decimal 56 and 57), called KSWL and KSWH separately or KSW 



S3 



( Keyboard input SWItch) together, hold the address of the subroutine ibe Apple is currently 
using for single-character input. This address is nor mally SK D1B. the address or the KF.Y1N S 
subroutine. The Monitor's KEYBOARD command I CT RL K| ) and the BASIC command IN# 
both change this address it> SC/100. again with /; the slot number given in the command. The jj 
Apple will call the subroutine at the beginning of the PROM on the peripheral card in ihis slot 
whenever it wishes to gel a single character from the input device. The subroutine should place „ 
the input character into the 6502's accumulator and ReTurn from Subroutine (RTS) The * 
subroutine should set the high bit of the character before it returns. 

The subroutines in u peripheral card s PROM can change the addresses in the CSW and KSW - 
switches to point to places in the PROM other than the very beginning. For example, a certain 
PROM could begin with a segment of code to determine what slot it is in and do some initialize- ■ 
tion, and then jump in to the actual character handling subroutine. As part of its initialization 
sequence, it could change KSW or CSW (whichever is applicable) to point directly to the begin- 
ning of the character handling subroutine. Then the next lime the Apple asks for input or output 
from thai card, the handling subroutines will skip ihe already-done initialization sequence and go 
right in lo the task at hand. This can save time in speed-sensitive situations. J 

A peripheral card can he used lor both input and output if its PROM has seperate subroutines for r 
the separate functions and changes CSW anil KSW accordingly. The initialization sequence in a * 
peripheral card PROM can determine if it is being called Tor input or output by looking at the 
high parts of the CSW and KSW switches. Whichever switch contains SCw is currently calling * 
that card lo perform its function. Jf both switches contain SCu, then your subroutine should 
assume that it is being called for output. 



EXPANSION ROM 

! 

The 2K memory range from location SC84W to SCFFF is reserved for a 2K ROM or PROM on a 
peripheral card, to hold' large programs or driving subroutines. The expansion ROM space also ? 
hai the advantage or being absolutely located in the Apple's memory map. which gives you more 
freedom in writing your interface programs. j 

This PROM space is available to all peripheral slots, and more than one card in your Apple can 
have an expansion ROM. However, only one expansion ROM can be active at one time. 

Each peripheral curd's e xpansion ROM sho uld have a flip-Hop to enable it This flip-flop should jj 
be turned "on" by the DEVICE SELECT signal <lhe one which enables the 256-byle PROM). 
This means that the expansion ROM on any card will be partially enabled a fter you first reference 
the card it is on. The other enable to the expansion ROM should be the I/O STROBE line, pin * 
20 on each peripheral connector. This line becomes active whenever ihe Apple's microprocessor 
is referencing a location inside the expansion ROM's domain When this line becomes active, j 
and the aforementioned flip-Hop has been turned "on", then the Apple is referencing the expan- 
sion ROM on this particular board (see figure SI. 

A peripheral card's 256-byte PROM can gain sole access to the expansion ROM space by referring 
to location SCFFF in its initialization subroutine. This location is a special location, and all peri- j 
pheral cards should recognize it as a signal to lurn their flip-flops "off" and disable their expan- 
sion ROMs. Of course, this will also disable the expansion ROM on the card which is trying to 
grab the ROM space, but Ihe ROM will be enabled again when the microprocessor gets another 
instruction from the 256-byte driving PROM Now the expansion ROM is enabled, and ils space 
is clear. The driving subroutines can then jump directly into the programs in the ROM, where ■ 
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Figure 8. Expansion ROM Enable Circuit 



ihey can enjoy Ihc 2K of unobstructed, absolutely located memory space: 



0332 - 
0335 - 



2C FF CF 
4C 00 C8 



BIT 
J MP 



SCFFF 
SC800 



It is possible to save circuilry (at ihe expense o!" ROM space) on the peripheral card by not Fully 
decoding the special location address, SCFFF. In fact, if you can afford to lose the last 256 byles 
of your ROM space, the following simple circuit will do just fine: 




Figure 9. SCFXX Decodinu 
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THE MICROPROCESSOR 



The- Microprocessor 

Model: MCS6502/SY6502 

Manufactured by MOS Technology, Inc 
Synertek 
Rockwell 

Number of insl ructions: 56 

Addressing modes: 13 

Accumulators: I (A) 

Index registers: 2 (X,Y) 

Other registers: Slack poinler (S) 

Processor status (P) 

Sl.ick 256 bytes, lixed 

Status flags: N (sign) 
C (curry) 
V (overflow > 

Other llags: 1 (Interrupt disable) 

D (Decimal arithmetic* 
B (Break) 

Interrupts: 2 (IRQ, NMI> 

Resets: 1 [RES) 

Addressing range: 2 lh I64K) locations 

Address bus: 16 bits, parallel 

Data bus: 3 bits, parallel 
Bidirectional 

Voltages. +5 volts 

Power dissipation: 25 watt 

Clock frequency: 1.023MH,r 



The microprocessor gets its main timing signals. <l>0 and <1>1. from the liming circuits described 
below. These are complimentary 1.023MHz clock signals. Various manuals, including (he MOS 
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Technology Hardware manual, use ihe designation <l>2 fur Ihe Apple's <P9 dock. 



The microprocessor uses its address and data buses only during [he lime period when 4*1 is 
active When <l>fl is low, ihe microprocessor is doing internal operations and does nnl need the 
data and address buses. 

The microprocessor has a 16-bil address bus and an 8-bil bidirectional datii bus. The Address bus 
lines are buffered by three 8T97 Ihree-slute buffers al board locations H3. H4, and 115. The 
address lines are held open only during a DMA cycle, and are active at all other limes. The 
address on the address bus becomes valid about 300ns after '1>I goes high and remains valid 
through all of <WJ. 

The data bus is buffered through two 8T28 bidirectional thrcc-slatc buffers al board locutions HIO 
and llll Data from Ihe microprocessor is put onto the bus about 300ns after <l»l and the 
READ/WRITE signal (R/W> both drop lo /.ero, Al all other limes, the microprocessor is either 
listening lo or ignoring the data bus. 

The RDY. RES, IRQ, and NMI lines to the microprocessor are all held high by 3.3K Ohm resis- 
tors lo + 5v. These lines also appear on Ihe peripheral connectors tsee page 1051 

The SIT OVERFLOW (SO) line lo the microprocessor is permanently tied lo ground. 



- 
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SYSTEM TIMING 



Table 27: Thninn Signal Descriptions 



14M 



7M: 



Muster IKcillaloi output. 14.31* MIL' All liinini- -n'll.il- .ire- 
derived from this signal 

Intermediate liming signal. 7 159 MHz, 



COLOR RF.F: Color reference frequency. 3.580MJI*. Used by Ihe video gen- 
eration circuitry. 



<I>0 <<1>2I 

•1: 
03: 



Phase 8 system clock, 1.023MH/., compliment to <I'l. 

Phase I system clock. 1.023 MHz. compliment to <l»0. 

A general-purpose timing signal, twice the frequency of ihe sys- 
tem clocks, but asymmetrical. 



All peripheral connectors get the timing signals 7M, <J>0, <J»I, and Q3 The liming signals I4M 
and COLOR REF are not available on ihe peripheral connectors. 
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POWER SUPPLY 



The Apple Pn«cr Supplj (I . S Patent #4,130,862} 



Input vollage: 107 VAC lo 132 VAC, or 
214 VAC lo 264 VAC 
(switch selectable") 

Supply voltages: +5.0 
+ 11.8 
-120 

-5.2 

Power Consumption: 60 waits max. (All) loud) 

79 waits max. 4iniermillen[**> 

Full load power output +5v: 2.5 amp 
-5v: 250ma 

+ 12v: 1,5 amp <— 2.5 amp Intermittent**) 
- 1 2v: 250ma 

Operating temperature: 55c (131° Farenhcit) 



The Apple Power Supply is a high- voltage "Switching'" power supply. While most other power 
supplies use a large transformer with many windings to convert the input voltage into many lesser 
voltages and then rectify and regulate these lesser voltages, the Apple power supply firs! converts 
the AC line vollage into a l>C vollage. and then uses this DC voltage to drive a high-frequency 
oscillator. The output of this oscillator is Ted into a small transformer with many windings. The 
voltages on the secondary windings are then regulated to become the output voltages. 

The +5 volt output voltage is compared to a reference vollage. and the difference error is led 
back into the oscillator circuit. When the power supply's output starts to move out or its toler- 
ances, the frequency of the oscillator is altered and the voltages return to their normal levels. 

If by chance one of ihe output voltages of the power supply is short-circuited, a feedback circuit 
in the power supply stops the oscillator and cuts all output circuits. The power supply then 
pauses for about W second and then attempts to restart the oscillations. If the output is still 
Snorted, it will slop and wait again It will continue this cycle until ihe short circuit is removed or 
the power is turned off. 

If the output connector of the power supply is disconnected from ihe Apple board. Ihe power 
supply will notice this " no load" condition and effectively short-circuit itself This activities the 
protection circuits described above, and cuts all power output This prevents damage lo the 
power Supply's internals. 



* The volliflgtf MkXIOC twttdl is mil present on some A|)|tles. 

" The power supply can run 30 minutes With mi inieriiiiiKnt load u" follnwcd hy 111 minuics ul normal load 
Kilhuui djiiidgir 
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If one of ihe output voltages leaves its tolerance runge, due to any problem either wiihin or 
external to the power supply, ii will again shut itself down to prevent damage to ihe components 
on the Apple board. This insures that all voltages will either be correct and in proportion, or they 
will be shut off. 

When one of the above fault conditions occurs, the internal protection circuits will stop the oscil- 
lations which drive the transformer. After j short while, the power supply will perform a restart 
cycle, and attempt to oscillate again. If the fault condition has not been removed, the supply will 
again shut down. This cycle can continue infinitely wilhout damage to the power supply. Each 
time the oscillator shuts down imd restarts, its frequency passes through the audible range and 
you can hear ihe power supply squeal and squeak. Thus, when u fault occurs, you will hear a 
steady "click click click" emanating from the power supply This is your warning that something 
is wrong with one of the voltage outputs. 

Under no circumstances should you apply more than 140 VAC to ihe inpui of ihe iransformer 
lor more than 280 VAC when the supply's switch is in the 220V position), Permanent damage to 
ihe supply will result. 

You should connect your Apple's power supply to a properly grounded 3-wire outlet It is very 
important thai the Apple be connected lo a good earth ground. 

CAUTION: There are dangerous high voltages inside the power supply's case, Much of ihe 
internal circuitry is not isolated from the power line, and special equipment is needed for service 
DO NOT ATTEMPT TO REPAIR YOUR POWER SUPPLY! Send il to your Apple dealer lor 
service 



ROM MEMORY 

The Apple can support up to six 2K by 8 mask programmed Read-Only Memory ECS. One of 
these six ROMs is enabled by a 74LSU8 at location FI2 on ihe Apple's board whenever the 
microprocessor's address bus holds an address between SDM0 and SFFFF. The eight Data out- 
puts or all ROMs are connected to ihe microprocessor's data line buffers, and the ROM s address 
lines are connected to the buffers driving Ihe microprocessor's address lines A0 through A IS. 

The ROMs have three "chip seleci" lines to enable them. CS1 and CS3. both active low. are 
connected together to the 741.5138 at location FI2 which selects t he in dividual ROMs. CS2. 
which is active high, is common lo ull ROMs and is connected to the [Nil (ROM Inhibit) line on 
the peripheral connectors. If a card in any peripheral slot pulls this line low. all ROMs on the 
Apple board will be disabled. 

The ROMs are similar to type 2316 and 2716 programmable ROMs. However. Ihe chip selects 
on most of these PROMs are of a different polarity, and they cannot be plugged directly into the 
Apple board. 
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Figure 13. 'HI hit ROM Piiutul. 



RAM MEMORY 

The Apple uses 4K and I6K dynamic RAMs for its main RAM storage. This RAM memory is 
used by both Ihc microprocessor and Ihc video display circuitry. The microprocessor and the 
video display interleave their use of RAM: the microprocessor reads from or writes lo RAM only 
during <1'0, and (he video display refreshes its screen from RAM memory during «f>l. 

The three 74LS153s at Ell. E12, and E13, the 74LS283 al E14, and half or the 74LS257 at CI2 
make up ihc address multiplexer for ihe RAM memory. They take the addresses generated by 
the microprocessor and the video generator and multiplex them onlo six RAM address lines. The 
other RAM addressing signals. RAS and CAS. and Ihe signal which is address line 6 for I6K 
RAMs and CS for 4K RAMs. are generated by the RAM select circuit. This circuit is made up of 
two 74LS139s at E2 and F2, half or a 74LS153 at location CI, one and a half 74LS257s at C12 
and II, and the three Memory Configuration blocks at Dl, El, and Fl. This circuit routes sig- 
nals to each row or RAM, depending upon what type of RAM (4K or 16K) is in that row. 

The dynamic R AMs are refreshed automatically during 'M by the video generator circuitry. Since 
the video screen is always displaying at least a IK range of memory, i1 needs to cycle through 
every location in thai IK range sixty times a second, ll so happens that this action automatically 
refreshes every bit in all 48K bytes of RAM. This, in conjunction with the interleaving or the 
video and microprocessor access cycles, lets the video display, the microprocessor, and the RAM 
refresh run at frll speed, without interfering with each other. 

The data inputs to the RAMs are drawn directly off of ihe system's data bus. The daia outputs of 
the RAMs are latched by two 74LS174s at board locations B5 and B8. and are multiplexed with 
Ihe Seven bits or data from the Apple s keyboard. These latched RAM outputs are fed directly to 
the video generator's character, color, and dot generators, and also back onto the sysiem data bus 
by iwo 74LS257s at board locations B6 and B7, 
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THE VIDEO GENERATOR 

There are 192 stun lines (in ihe video screen, grouped in 24 lines or eighl scan lines each. Each 
scan line displays some or all of ihc contents of Tony bytes of memory , 

The video generation circuitry derives its synchronization and liming signals from a chain of 
74LS161 counters al board locations DM through DI4. These counters generate fifteen syn- 
chronization signals: 

HI HI H2 H3 H4 H5 
Vfl VI V2 V3 V4 
VA VB VC 

The "H" family of signals is ihe horizontal byte position on the screen, from BBWil to binary 
ItWIll (decimal 39). The signals V'0 through V4 are Ihe vertical line position on Ihe screen, 
from binary idlili&d to binary 101 II (decimal 231. The VA. VB. and VC signals are ihe vertical 
scan line position within the vertical screen line, from binary 000 to ] 1 1 (decimal 7). 

These signals are sent to (he RAM address multiplexer, which turns them inio the address of a 
single RAM location, dependent upon the setting of Ihc video display mode soft switches (see 
below). The RAM multiplexer then sends this address to the array of RAM memory during 't»l. 
The latches which hold ihe RAM data sent by the RAM array reroute it 10 the video generation 
circuit . The 74LS283 al locution rearranges the memory addresses so that the memory mapping 
on the screen is scrambled. 

If the current area on the screen is to be a text character, then the video generator will route the 
lower six bits of the data to a type 2513 Character generator at location AS The seven rows in 
each character are scanned by ihe VA, VB, and VC signals, and ihe output of the character gen- 
erator is serialized into a stream of dois by a 74166 at location A3. This bit stream is routed to 
an exclusive-OR gale, where it is inverted if Ihe high bit of the data byte is off and either the 
sixlh bit is low or the 555 timer al location B3 is high This produces inverse and flashing charac- 
ters, The text bit stream is then sent to ihe video selector/multiplexer (below). 

If ihe Apple's video screen is in a graphics mode, then the data from RAM is sent lo two 
74LSI94 shin registers al board locations B4 and 139. Here each nybble is turned into a serial 
data stream. These two data streams are also seni to the video selector/ multiplexer. 
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The 74LS257 multiplexer al board position AS salens belween Color and High-Resolution graph- 
ics displays. The serialised Hi-res dm sireum is delayed tine-half clock cycle by the 74LS74 at 
location All il" Ihe high bit of lite byte is set. This produces the alternate color set in High- 
Kesnluiion graphics mode. 

The video selector/multiplexer mixes Ihe two data slreums from Ihe above sources according lo 
ihe setting of the video screen soft switches. The 74LSI94 at location AIO and the 74LS1SI at 
A9 select one of the serial hit .streams for text, color graphics, or high-resolution graphics 
depending upon the screen mode The final serial output is mixed with the composite synchroni- 
zation signal and the color burst signal generated by the video sync circuits, and sent lo Ihe video 
output connectors 

The video display soft switches, which control the video modes, are decoded as part of (he 
Apple's nn-board I/O functions. Logic gales in bourd locations U12. B13, Ml, Al2, and All are 
used to control ihe various video modes. 

The color burst signal is created by logic gales at BI2, B13, and CI3 and is conditioned by R5. 
cod LI. C2. and trimmer capacitor C3. This trimmer capacitor can be tuned to vary Ihe lint of 
colors produced by ihe video displny. Transistor Q6 and lis companion resistor R27 disable ihe 
color burst signal when ihe Apple is displaying text. 



& VIDEO OUTPUT JACKS 



The video signal generated by the aforementioned circuitry is an NTSC compatible, similar to an 
EIA standard, positive composite video signal which can be led to any standard closed-circuit or 
studio video monitor. This signal is available in three places on ihe Apple board 

RCA .lack On ihe back of the Apple board, near ihe right edge, is a standard RCA phono jack. 
The sleeve of lhis jack is connected to the Apple's common ground and the lip is connected to 
the video oulpul signal through a 200 Ohm potentiometer. This potentiometer can adjust the 
voliage on this connector from lo I voll peak. 

Auxiliary Video Connector On the right side of the Apple board near the back is a Mole* 
KKI00 series connector with four square pins. .25" tail, on .10" centers This connector supplies 
the composite video output and two power supply voltages. This connector is illustrated in figure 

15. 
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Auxiliary Video Output Connector Signal Descriptions 


Pin 


Name 


Description 


1 


GROUND 


System common ground. volts. 


2 


VIDEO 


NTSC compatible positive composite video. Black level is 
about ,75 voll. while level about 2.0 volt, sync lip level is 
volts. • Output level is not adjustable. This is not protected 
against short circuits. 


3 


+ I2v 


+ 12 volt power supply. 


1 4 


-5v 


— 5 volt line from power supply. 
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Auxiliary \ ideo Pin. I hi.- single metal wire-wrap pin he low the Auxiliary Video Output Connee 
lor supplies the same video sig.mil available on that connector. It is meant lo be u connection 
point for Eurnpplc PAL/SECAM encoder boards. 
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Kiiture 15. Auxiliary A idco Output Conitfctur and Pin. 



BUILT-IN I/O 



The Apple's built-in I/O functions are mapped into 1 28 memory locations beginning at SCWW. 
On the Apple board, a 74LSI38 ttl location FI3 called the I/O selector decodes these 128 special 
addresses and enables the various functions. 

The 74LSI38 is enabled by another '138 at location 1112 whenever the Apple's address bus con- 
tains an address between SC '(MW and SCBFF. The I/O selector divides this 256-byie range into 
eight sixteen- hi ie ranges, ignoring the range SC080 through SCBKF. Each output line of the '138 
becomes active (low) when its associated 16-byte range is being referenced 

The "0" line from the I/O selector gales the data from the keyboard connector into the RAM 
dell multiplexer. 

The "I" line from the I/O selector resets the 74LS74 flip-flop at BIO, which is the keyboard flag. 

The "2" line toggles one hull or a 74LS74 at locution K13. The output of this flip-flop is con- 
nected through a resistor, network to the Hp of Ihe cassette output jack. 

The "3 M line toggles the other half or Ihe 74LS74 at K13. The output or this flip-flop is con- 
nected through a capacitor and Darlington amplifier circuit to the Apple's speaker connector on 
the right edge or the board under the keyboard. 

The "4 " line is connected directly to pin 5 of the Game I/O connector. This pin is the utility 
CPS STROBE 

The "5" line is used lo enable ihe 74LS259 at location I"I4. This IC contains the soft switches 
for the video display and the Game I/O connecior annunciator outputs. The switches are selected 
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by the address lines 1 through 3 and ihe selling of each switch is controlled by address line 0. 

The "6'* line is used lo enable a 74LS25I cight-bil multiplexer ul location H14. This multi- 
plexer, when enabled, connects one of its eight input lines lo ihe high order bn (bii 7) of ihe 
threc-slale System diita bus. The bottom three address lines conirol which of the eight inputs the 
multiplexer chooses, Four yf the mux's inputs come from a 553 quad timer at location 1113. 
The inputs to ihis timer are ihe game controller pins on the Game I/O connector. Three other 
inputs lo ihe multiplexer come from the single-bit (pushbutton) inputs on the Game I/O connec- 
tor. The IBS) multiplexer input comes from a 741 operational amplilier at location K13. The 
input to this op amp comes from the cassette input jack 

The •7" line from the I/O selector resets all four timers in the 553 quad timer at location H 1.1. 
The lour inputs to Ihis timer come from an RC network made up of four O.022«iF capacitors, 
four 100 Ohm resistors, and ihe variable resistors in ihe game controllers attached lo the Game 
I/O connector. The loial resistance in each of the four liming circuits determines ihe liming 
characteristics of thai circuit. 



"USER 1" JUMPER 

There is an unlabeled pair or solder pads on the Apple board, to the left of slot 0. called ihe 
"'User I" jumper. This jumper is Illustrated in Photo 8. If you connect a wire between these two 
pads, then the USER I line on each peripheral connectors becom es active If any peripheral card 
pulls this line low, all internal I/O decoding is disabled. The I/O SELECT and the DEVICE 
SELECT lines all go high and will remain high while USER 1 is low. regardless of the address on 
Ihe address bus. 



The USER I Jumper 




Photo 8. The USER I Juniper. 
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THE GAME I/O CONNECTOR 
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F inure 16. 
Gamr I/O Connector Pinnuts 
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Gsirne I/O Connector Signal Descriptions 


m 


Pin 


Name: 


Description: 




1 


+ Sv 


+ 5 voll power supply. Total currenl drain an this pin musi be 


}± 






less than 100mA. 




2-4 


PB0-PB2 


Single-bil IPushbuiionJ inpuis. These are standard 74LS scries 








TTL inputs. 




S 


CTO STROBE 


A general-purpose strobe. This line, normally high, goes low 


e 






during (p0 f u ri:iK j or wr j te c) , c | e I0 Jnv ^dress |" rom SC040 


5 






through SC04F. This is a .standard 74LS TTL output. 




6,7,10.11 


GC0-GC3 


Game eoniroller inputs. These should each be connected 


5 






through a 150K Ohm variable resistor to +5v. 




8 


Gnd 


System electrical ground. 


» 


12-15 


AN0-AN3 


Annunciutoi outputs. These are standard 74LS series TTL out- 








puts and must be buffered if used lo drive olher thun TTL 








inpuis. 


i 


9.16 


NC 


Nn internal eonneciiiMi. 





THE KEYBOARD 



The Apple's built-in keyboard is buill around a M MS 740 monolithic keyboard decoder ROM 
The inputs to this ROM. on pins 4 through 12 and 22 through 31, arc connected lo Ihe muinx of 
keyswitches on the keybourd. The outputs or this ROM are buffered by a 7404 and are connected 
to Ihe Apple's Keyboard Connector (see below) 

The keyboard decoder rapidly scans through ihe array of keys on the keyboard, looking for one 
which is pressed. This scanning action is controlled by the free-running oscillator made up of 
three sections of a 7400 at keyboard location U4. The speed of this oscillation is controlled by 
C6. R6. and R7 on Ihe keyboard's printed-circuit board. 
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The [KEPT | key on ihe keyboard is connected 10 a 555 limcr citcuil al boiird location U3 on the 
keyboard. This chip and the capacitor and ihree resistors around it generate the 10H? "RE PeaT" 
signal. If the 220K Ohm resistor R3 is replaced with a resislor of a lower value, Ihen the IRKPT] 
key will repeal characters al a raster rale. 

See Figure 17 for a schematic diagram of the Apple Keyboard. 



KEYBOARD CONNECTOR 

The data from the Applets keyboard goes directly to the RAM data multiplexers and latches, the 
two 74LS257s at locations B6 and B7. The STROBE line on the keyboard connector sets a 
74LS74 flip-flop al location BIO When the I/O selector activates its line, the data which is 
on the seven inputs on the keyboard connector, and Ihe slate of the strobe flip-flop, are multi- 
plexed onto the Apple's data bus, 



Table 311: Kr) board Connector Signal Descript ions 



Pin: 



Name: 



Description 



1 +5v 

2 STROM- 

3 RESET 

4,9,16 NC 

5-7. 10-13 Data 

S Gnd 

15 -I2v 



+ 5 volt power supply Total current drain on this pin must be 
less than 1 20m A 

Strobe output from keyboard. This line should be given a pulse 
at least lQus long each time a key is pressed on the keyboard 
The strobe can be of either polarity. 



Microprocessor's RESET line. Normally high, this line should 
be pulled low when Ihe IRESET1 button is pressed. 

No connection. 

Seven bil ASCII keyboard data input. 
System electrical ground 

— 12 vott power supply Keyboard should draw less than 
50mA. 
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KiKure IS. 
keyboard Connector Pinouis 



CASSETTE INTERFACE JACKS 

The two I'emale miniaiure phone jacks on the back of ihe Apple II board can connect your Apple 
to a normal home cassette tape recorder 

Castile Input Jack: This jack is designed to be connected to the "'tarphone" or "'Monitor'" 
output jacks on most tape recorders. The input voltoge should bo I volt peak-to-peak (nommall 
The input imped.wce is 12K Ohms 

Cassette Output Jack; This jack is designed to be connected lo the "Microphone" inpui on 
mosi tape recorders The output voltage is 25mv into a 100 Ohm impedance load. 
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POWER CONNECTOR 



This connector marcs with the cable from the Apple Power Supply This is an AMP #9-35028- 1 
six-pin male connector. 



Table 31: Power Connector Pin Descriptions 


Pin: 


Name: 


Description: 


1.2 


Ground 


Common electrical ground for Apple board. 


.1 


+ 5v 


+ 5.0 volts from power supply. An Apple with 48K of RAM 
and no peripherals draws —1.5 amp from this supply. 


-l 


+ I2v 


+ 12.0 vol Is from power supply. An Apple with 48K of RAM 
and no peripherals draws — 400mu from this supply. 


5 


-I2v 


— 1 2.0 volts from power supply An Apple with 48K of RAM 
and no peripherals draws -^I2.5mu from this supply 


6 


-Sv 


— 5.0 volts from power supply. An Apple with 48K of RAM 
and no peripherals draws — O.Oma from this supply. 




Figure 19. Power Connector 
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SPEAKER 



The Apple's inicrn.il speaker is driven hy hall of a 741.S74 flip-flop through a Darlington amplifier 
circuit. The speaker connector is u Moles KK100 series connector, with two square pins, .25" 
mil. on .10' centers. 



I'nhle 32: Speaker Connector Signal Description!! 


Pin: 


S.i me 


Description: 


1 


SPKR 


Speaker signal. This line will deliver about .5 wall inio an 8 






Ohm load. 


2 


+ 5v 


+5 volt power supply. 



SPKR 

.5V 



I iturc 2U. Speaker CwUMCtM 



PERIPHERAL CONNECTORS 

The cighl peripheral eonnceiors along Ihe back edge of the Apple's board are Winchester 
#2IIW25CO-l 1 1 50- plrl PC card edge connectors with pins on .10" centers. The pirtOUt for these 
connectors is given in f igure 21. and the signal descriptions are given on the following pages. 
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Fifcim- 21. Peripheral C'oiiiu-clor Hinoul 
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Pin: Name: 



170 SLLECf 



2-17 Afl-AtS 



R/W 



19 SYNC 



20 TTO STROBE 



21 RUY 



22 DMA 



23 INT OUT 



24 DMA OUT 



+ 5v 



GND 



Description 



This line, normally high, will become low when 
the microprocessor references page SCn, where 
n is the individual slot number. This signal 
becomes active during *€ and will drive 10 
LSTTL loads*. This signal is nol present on 
peripheral connector 0- 

The buffered address bus. The address on 
ihesc lines becomes valid during 'M and 
remains valid through <I>B. These lines will 
each drive 5 LSTTL loads* 

buffered Read/Write signal. This becomes 
valid at the same lime the address bus does, 
and goes high during a read cycle and low dur- 
ing I write. This line can drive up to 2 LSTTL 
loads*, 

On peripheral connector 7 only, this pin is con- 
nected to the video liming generator's SYNC 
signal. 

This line goes low during *0 when the address 
bus contains an address between SC800 and 
SCFFF. This line will drive 4 LSTTL loads'. 

1 he (oU2's ROY input Pulling this line low 
during $1 will hall the microprocessor, with the 
address bus holding the address of the curreni 
location being fetched. 

Pulling this line low disables the 6502 s address 
bus and halts the microprocessor This line ts 
held high by a 3K11 resistor lo +SV 

Daisy-chained interrupt output to tower priority 
devices. This pin is usually connected to pin 28 
(INT INI. 

Daisy-chained DMA output to lower priority 
devices This pin is usually connected to pin 22 
10 MA INI 

+ 5 volt power supply. 500mA current is avail- 
able for a// peripheral cards 

System electrical ground. _ 




■ LouUing limits are fnrcuch peripheral Hlld 




107 





Table 33 (cont'd): 


Peripheral C'oint«t»r Siunal Lfeveripiiun 


Pin: 


Name: 


Description 


27 


DMA IN 


Daisy -chained DMA input from higher priority 
devices. Usually connected lo pin 24 (DMA 
OUT). 


26 


INT IN 


Daisy-chained inlerrupl input from higher 
priority devices. Usually connected to pin 23 
(INT OUT). 


29 


NMI 


Non-Maskable Interrupt. When this line is 
pulled low the Apple begins an interrupt cycle 
and jumps lo the interrupt handling, routine at 
location S3FB. 


30 


IRQ 


Interrupt KeQuesi. When this line is pulled 
low the Apple begins an interrupt cycle only if 
the 65B2*s 1 (Interrupt disable) flag is not set 
If so, the 6592 will jump to the interrupt han- 
dling subroutine whose address is stored in 
locations S3FE and S3FF- 


31 


RES 


When I his line is pulled low the microprocessor 
begins it RESET cycle (see page 36). 


32 


inTT 


When this line is pulled low, all ROMs on the 
Apple board are disabled. This line is held high 
by a JK 11 resistor to +5v. 


33 


-12v 


— 12 volt power supply. Maxmum current is 
2(M)mA for all peripheral boards. 


34 


-5v 


— 5 volt power supply. Maximum current is 
200mA for all peripheral boards. 


35 


COLOR REF 


On peripheral connector 7 imh, this pin is con- 
nected to the 3.5MHz COLOR REPercnee sig- 
nal of the video generator. 


36 


7M 


7MHz clock. This line will drive 2 LSTTL 
loads'. 


37 


03 


2MHz asymmetrical clock. This line will drive 
2 LSTTL loads' 


38 


<t>l 


Microprocessor's phase one clock. This line 
will drive 2 LSTTL loads'. 


39 


USER 1 


This line, when pulled low. disables eO internal 
I/O address decoding** 



• Loading limns arc fur emrti peripheral cunt 
M See page V) 
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Tabic 3i (cont'd): 


PiTiptu-rul Lomifctor Signal liocnptmii 


Pin: 


Name: 


Description: 


40 




Microprocessor's phase zero dock. This line 
will drive 2 LSTTL loads'. 


41 


DEVICE 
SELECT 


This line becomes active (low) on each peri- 
pheral connector when the address bus is hold- 
ing an address between SCBnfl and SC'BwF. 
where " is the slot number plus S8 This line 
will drive 10 LSTTL loads'. 


42-49 


D0-D7 


Buffered bidirectional data bus. The data on 
ihis line becomes valid 300nS into 'PB on a 
write cycle, and should be stable no less than 
1 00ns before the end of «M) on a read cycle. 
Each data line can drive one LSTTL load. 


50 


+J2v 


+ 12 volt power supply. This can supply up to 
250mA total for all peripheral cards. 



* 1 nailing limns are Ibf each peiipher.il uiil 



109 



Figure 22-1. Schematic Diagram of the Apple II 
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Figure 22-6. Schematic Diagram of ihe Apple IS 
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6502 MICROPROCESSOR INSTRUCTIONS 



ADC AW Memory lo Axcgmu.ilo* -It* 

Can) 

UNO AND U*mory w.lh Accumu'aiQ* 

*5l Shi*? LeM One B-i 'Memory ri 
Aerafnutalor • 

BCC Branc* on Carrf Ciear 

BC& Brtnci <*ft Carry Srt 

BEO Brans* O" fleault Zero 

BIT Teal gits in Memeiy wnn 
Accumulate* 

BUI B'nnch ni W*«' i i UonuB 

BHC Bianch on Reauit nor 2«io 

BPL ■"■ ■»:■ an R«ult * ■ 

BRK Force Braak 

BVC Branch on Oavrlloa Claar 

BVS B'a"ch or. Overdo* Sat 

CLC Ciear Carry Flag 

CLD Onsi □•iima Mode 

CLI Q)HI min-upl 0<Mb>c Bit 

CLV Oeei Overflow Flag 

CMP CQn-iDOD Memory nr.- t , . . . ,| , 

CP* Compete Memory ihq Infla* X 

C**V Co^we Memoty arc inoax ■» 

DEC DaeranwM M*mery by Ono 

DEI CK'snmnl InOei K by Qn* 

DEV Decrenwnt moe* V by On* 

EOfl 'E«eim-ve-Qr " Mamory win 
Accumulator 

IMC inc lament M*T"Q*y by Ona 

■ NX intl#mer.l InrJeB X by On* 

INV mc-amont Intimu V tty Drw 

JMP tump to Ne* Lccaiinn 

JSH Jump W N»* Local >pn 5avr-ig 



LDA i.«a Accum^ialir' wiin Memo*> 

L0» Lp*0 moai * Memory 

LDV Loaff tnfla» y win Memory 

Lift Sh-fl flignl ona Bil 'Mamory or 

Accumulator' 

NOP No Or*#aiio#i 
0*A OA" Memory wiin Actumuiaior 

PHA P u «n Accumulator on 5iat» 

PHP Puan P*oc«Baa< Stalm on Siact 

PLA Pull Accumulator from Slack 

PLP Put! Procauo' Staius trom Slack 

ftOL Rtf*!* O* HI Laf| IMamory o« 

Accumulator' 

ROR Rotate On* Bit Right Uarmory o« 

Accumulator 

RTI n«Wi »r0m JniBrruot 

RTS Return Iron Subroutine 

BBC Suturact Memory 'ram A^cumuiato* 

with Borrow 

SEX 5»l C*"y Hap 

BED Sel Dat< mat Mode 

BEI 5el miarrupl Otabi* ^ibIub 

STA Siora Accumulate* Memory 

STI Store inoWa X m Memory 

STY Store intfei * m Memory 

TAX Tra-nytar Accumviito' 10 Indea X 

JAY Tranti«i Accumulator to indei * 

TBI TfBMtal Stack Point*! lo Indaa X 

TXA Tnnster Inoau * lo Accumulator 

TBS I ranter tndei 91 lo Sraca Pftiftle* 

TTA iran^U/i ino*> v to Atcumuiaioi 



1L8 



i 

g 

k 

!-= 



THE FOLLOWING NOTATION 
APPLIES TO THIS SUMMARY: 



ttQ\JH( ' ASl-SHIFT LtFT Qttt Bit OPERATION 

HMD 



A 


Aceumuiticw 


K V 


l"0»» Ragneats 




Mamor> 


c 


Borrow 


p 




S 


Slack Poinier 








Ko Cnano* 




AM 


h 


Lf»a<ui AND 




Subtract 


V 


lOB-cai f iclus«« O* 


t 


Trimffft From Sued 


1 


T<*h»iet to Siac* 




Trinilt' 




IranHar To- 


V 


Logi«i Of 


PC 




PCH 


F-rupiam COhiniar Hign 


PCI 


Program Cou«lf LO* 




Oparina 


* 


mi medial* Afldraisino Vol* 



UK 



flGuAE? fiOTATEOMC BIT l-f" IUCUOR1 
Ofll ACCUMULATOR' 





< 


» 


4 


) 


z 


1 


a 



MOTE I BIT - TEST BITS 



a i bar!) ? arai'Bniiar«Bd to i*a itaiu* ••g«*i«r it in« 
rituti of A A M is a» i«tn »W. oirwwiw 2-0 
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PROGRAMMING MODEL 



ACCUMULATOR 



INDEX REGISTER v 



H ~ ~ ~j INDEX REGISTER * 



PCL | PROGRAM COUNTER 



STACK POINTER 



7 

|m| v| b|o| i [ / | r."| processor status BEGBTEH P 
I L carry 

ZERO 

INTERRUPT DISABLE 

DECIMAL MODE 

BREAK COMMAND 

OVERFLOW 

— NEGATIVE 
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INSTRUCTION CODES 



On I Hp Hon 



AOC 

AdC mtmo'v Id 
tctuntjlilai firiy 



AND 

AND'' rfemorr wrth 
accumulator 



ASL 

ShiH le'l «™ on 
IMpmory or •ttumulaiori 



BOG 

Blanch on iany clear 



(Stt Fijmt I) 



Aridrcmng 
- - 



ImmnaiU 
2 pro Pan* 
?rro Par>p» 
•b%rjru!e 

41.1 1 

(inrjirecl.Ji 
Ilnfliifcli 1 



411 

IF 



«:•: -j' 

•DC OKI 

•DC Open 

•DC Odci 

•DC Pt*,» 

•DC 0«l V 

•DC KM »i 

• DC lOtflv 



J pro Papt 
ZPIO PaOtX 

•IHalUM I 
• fn.Tr I 
(IndiiKI >'l 
(InrJuetli » 



Accumuiaioi 
I cro Pact 
Jero Pact* 

•h ! .HUT 

WW « 



• IB .Opt. 
« ML' lijic 

AND doer X 

•WD Dot' 

•NO Opsr t 

•ND 00*! » 

AND 'Optr XI 

• NO lOptrl.r 



•Si A 
*SL Ooti 

•si Mi » 

•SI Opei 
• Si (tor X 



hi i mm 



ta- 
il. <n 



P SI aba Pat 
HICIGV 



vW--- 



BCS 

&rancn po t a«ry m i 

Branch on mull /pro 



Branch on ^ 1 



UCb Qpn 
BEO Owr 



BIT 

l«l bits m mtmoiy 
with accuniuiaiiM 



A AH Ah -« 



/aro PjQf 

Utoiulc 



Bit" Optf 
sir oner 



"iv 1 •». 



SMI 

Brafldi on result imrus 



BUI Opal 



BNE 

flrMtOh mi ittun noi M M 
BPl 

Br*ficn on fWull p'ul 



Brjncn on N-0 



WE Oaf 
API onet 



BRK 

f OIK fllBik 

BVC 

Branch on oveiUo* tle.it 
■■». . • - . ; i a 



fvtti 

ln«rru|M 

re-? i pi 



BVC Oprr 



» <a»"**l <*••>>■ I* -*■»■« »- •—•"J 
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— 

i 



- 



Mjrni 

BucrleiiDii 




J 

<egitn-ni 
«■<■ 


>■■-•< 

.1^-131 
Pin 


m 

OP 

cm 


M 

Mm 


- Slllul Hit 

mciov 


E 


BVS 
















»IM<« «n oerllpw Mt 


BrMdh on V-1 


■teuiiti 


BvS Oper 


to 


? 






CLC 
















C r,v rar-v naj 


«--£. 


Implies 


CIC 


■6 


1 


■ - 




CLD 

Dee' decimal mode 


O-D 


WW 


CLO 


[IB 


l 


-Q 


ta 


EU 


















0-M 


Implied 


cu 


56 


1 


— 1 




CLV 
















[ie.ii over'low '1.13 


0-»* 


Implied 




tie 


1 


II 




CMP 
















toirtpaie memm* *i>ii 
accumulate* 


A — M 


1 m media is 
7ero Paje 
/era Page J 
Ausoluie 
A*.nW*.X 

AolOlul*.» 

ilndnecixj 
imdi'un v 


CMP aOoei 
CMP Opel 
CMP OodFX 
CMP Oner 

CMP BparJI 

CMP tar* 
CMP lOpel.Xl 
CMP lOpeilV 


OS- 
es 

OS 
CO 
DD 

n 

CI 
Dl 


I 
I 
? 
l 
3 
3 

? 


V V V 


— 

i 

— 

E 


CPX 
















Caspar* memory and 


*- M 


immf-fl.aie 
2eio Page 

At.'.il.rr 


CP« "Opt' 
CP» Opei 
CP< Opei 


ED 
Ed 

EC 


2 

2 

3 


wv 


— 

■ 


CPV 
















Camp* 11 mimory and 
"in < 


V-tl 


MMMJMM 
lei a Paje 

UMhA 


CPr aOper 

CPV Oper 
CPV One- 


ra 
Cd 

cc 


J 
t 

3 


vW- - 


1 


DEC 














i 
§ 


Df c»em»ni meirmiy 
0| wie 


M - 1 -— M 


?e.»B Pago 
Itr a PagB X 

• DiDlulB 
Ih.niulr « 


DCC Opei 
DEC Opei.X 
DEC Opei 
pre Opcr x 


cs 

06 

CE 
stt 


3 
i 
3 
3 


vV 


DEX 
















Drtreinenl -non 1 
Dv one 


> - 1 — I 


I1|ilire 


DEJ 


CA 


1 




E 


KV 
















11 ' >- inMi V 

By OIW 


V - 1 


Impl>ed 


DEV 


at 


1 


i»V 1 


i 



a 

i 










luanbhi 


Ml 






Htm 


ODlrMIK 


aieieialne, 




W 


■ ■ 


"f Ittfut Hen 


Dnciiillin 




Mo* 


(am 


Cage 


Bfua 


• 2 C 1 1 V 


r. J n 




















EOfl •Ocnr 


4ft 


2 


N 1 


wiiti accumuliio! 




/fid Page 


fan opet 


AS 


2 






Zeio Pagi K 


EDA One i ( 


S5 


2 








<,h,ol„i. 


EOS One' 


40 


3 








ADSOluH I 


ran ow < 


SO 


3 








Ansolutc 1 


fan ap«i r 


» 


J 








PMMB HI 


1 EOR (Optr.ll 
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2 








flndi'tcll 1 


FOR iDecrk V 




j 




INC 














Increment memnry 


M - 1 -M 


2eia Pag* 


IV! Of-! 


{« 


z 


vV 


If BIB 




?iro Pjflt X 


IM Oo«e.X 


ff 


t 








AWslute 


INC Opti 


fE 


% 








A&salute J 


mc op«'.x 


ff 


3 




Ml 














.nOli K By Oflt 


X- 1 — X 


impht* 


M 


a 


1 


ifV 


INY 














Incriirwrl "fl*en f by one 


V • 1 — ¥ 


Implied 


WY 


a 


i 


Vv 
















jump le nan icuiion 


IPC -l| -PCI 


Otwluli 


J MP 0*r 


« 


3 






IPC -21 -»PCH 


Ina-ieti 


JMP rOpe.l 




3 




JSR 














Jump to is* location 


PC-?t 


AOUHulB 


JSR Op« 


so 


3 




54»inp rtimn iflflrns 


IPC. 11 — PCI 












IK-21 -^PCK 












ID* 














load aicunwlaia' 


u — * 


immediate 


IDA .Off. 


AS 


Z 


VV — 


«mh nearwy 




Ztro Pafl* 


IDA Of*. 


AS 


2 








Zero Pigt » 


LOA Ooei.X 


hi 


2 








Atnolulc 


LOA Osm 


AO 


3 








Absolute K 


LOA Oow.X 


a: 


1 








AUalUM V 


IDA Optf.Y 


B9 


3 








flMnectjti 


IDA lOper I| 


At 


2 








MM. 'tin V 


LOA lOpwi.r 


! : 


2 




LOX 














loaf iMti X 


M -X 


Immeoiaie 


LD> »Oper 


A? 


t 





with mgnioiy 




Ivo Page 


ICS Ope. 


AC 


1 








Ivo Past ¥ 


LOX Opci V 


Be 


7 








AMMMH 


IDi Ope/ 


At 


1 








it.' . ,1-t ■ 


un op*. » 


HF 


3 




LDY 














MM man 1 


u — » 


Imnrtiate 


10' "Opa. 


AO 


2 


v'V 


wiin memoiy 




2e.o Page 


IDe Ope> 


*« 


1 








Jeto Page I 


ID» Ope. I 


B4 


2 








Absoljre 


10* Oper 


AC 


1 










LB* Ope. K 


BC 


3 





12.1 



Mm 

Dun in' :■■ 




■ ■ rri ii inn 

■ sun li <f>Q 

Man 


lira 


Htt 
gp 

turn 


H, 


*■ Slum Kig 

<;iii( 




LSR 














u. 


Slt.1l ngM o-fii b'l 

menoifti ace umula fork 


\t' f • 1 , r I] 


ActuihulftlCI 

£*ro Paje 
7tro Page M 
Ad salute 
Absolute « 


lsh * 

LSH Otwr 
LSH Dnr.X 
<:. _„ 

LSI Opt'.* 


u 

K 
58 
II 

SE 


1 

3 


J,,/,/ 


B 


NOP 
















NC ODCIdbOn 


to Opeianon 


Implied 


NOP 


EA 


1 






LIRA 
















(W mwnfl*|i wtin 
. — * _ * -i i - ■ 


a v w 


i median 
7*ro Page 
Zero Page X 
Absolute 
AfiMttM * 
AD salute. V 
rlnditKi XI 
(JitdwiiOT 


(XUi «Opf' 
OHA Ooti 
DM Oh' X 
0«a toe 
0«A Open 
(WA Oet" 
MA lOpri Kl 
QUA lOpttl Y 


oa 

OS 
IS 
DO 
10 

M 
0) 
It 


1 
2 
3 
3 

i 

3 

1 

? 




e 

|£ 


not 

Pioh accumulator 
on lUck 


* » 


implied 


PMA 


«a 


1 




gE 


PHP 
















Bfl Match 


N 


iiispiied 


PHP 


N 






,j£ 


PLA 














si 


Pull accumulator 


At 


im-jutec 


PLA 


■ 


1 


i»V — 


from -suck 














PLP 
















Pull (woceuo? tfitut 
Irom such 


M 


il l ,t6 


lV 


2* 




i>wn SH(* 


*- 


MIL 
















Rolile cie ti-l led 


fSee Figure ?i 


Accumulate* 


HOI A 


ZA 




VvV 


** 


(memory or tccuinulatoO 




2ero Page 
Zero Page * 
AlKDlUle 

Atrvoiult.X 


HOL Dot' 
HOI Opci < 
HOL OKI 
HOL Ow'.X 


26 
* 

a 

X 


2 
2 
3 
3 






ADR 
















Route one bit no"t 


|Sm figu'B $ 


Accumulator 


HOB A 


(A 


1 







imemoiy of acfumulaio'i 




7era Page 
Zero Page.X 
AbwtyH 
AlttAhile 1 


HOR Opei 
HOH Ooei.lt 
HQH Ope 
ROH Opft.I 


66 

n 

H 

'I 


2 
2 
3 
3 




5 



B 

124 



Mi 

Dmuibow 




MuOl 


«nt*»ll 
Unguiie 
in 


rll 

HP 
Cadi 


Hi. 
■>» 

1 


r suun «n 
tJlCIIV 


RTI 

Relurn don mltnupl 


P+PCI 


implied 


Ftl 


•0 


F'D-T ST?r. 


(ITS 

Peiutf iiom subtounne ! PCI PC-1 —PCI Implied 


fl!S 


60 


1 




SBC 

SvBIHd iwiMrc Horn 
jccumirfaiiv *itl» Bono* 


A U-C— A 


Immedulp 
teta Page 
Zeio Past * 
MlOHW 

Absolute » 

Amount » 

llndiiKl.XI 
|I«C««II ' 


SBC *0p*r 
SBC Ope' 
Sec Open 
SBC Oper 
SBC Opt' « 
SBC OptrV 
SBC lOpe'.I) 
SBC |0|ie-|' 


E9 

E5 
FS 
ED 

fo 
FS 
El 

Fl 


Z 
7 
Z 
3 
3 
3 
? 


1/ V\ \ 


SEC 

Set ca"t ruj 


1 — c 


ImpM 


SEC 


a 


« 


— 1 — 


BED 

SM M>Mi mad* 


t — D 


Implied 


5ED 


ra 


1 




SEI 

Sn iniTitus; diublc 
•litu 




Imp.inJ 


SCI 




1 


I 


ST* 

5iore aceuroirfator 
in mimo«v 




ZkTO Paije 
Zf to Page 1 
ABBoluIr 
ABSoluIr t 
Absolult.V 
fWi.W.Jt) 

hKl.cfCI'V 


51» Oaei 
ST A Opctf 
STA Owl 

5TA Orm.lt 
51 A Op*t.T 
SJA lOpdl.XJ 
STA (Dpei) » 


as 

9S 
SO 
90 
19 

ei 

91 


? 
? 
1 
1 

3 

! 

2 

■ 
! 




STX 


* — M 


Zeio Paqe 

zero nun i 

AtaOlult 


STi ft.. 

S'» Ojei.T 

•_.I> OiM-l 


K 

96 
8f 




STY 

SlOTf mih« V in mtmory 


V -M 


7*io Paj* 
Zero Page.K 
Absolute 

It;iI pil 


STY Dp*l 
STt opn.a 
sn Opei 


M 

9a 
K 


I 

2 
3 




rAX 

IrAruIci KcumuiatDi 


A —X 


TAX 


«A 


1 


VV" 


TAV 

Trarolf atcufu'aioi 


A -V 


Implied 


uv 


AB 


1 


*V 


TSX 

T»am»el viae* painlei 
ID tflfjf H X 


S -X 


imp»ied 


'SI 


B« 


i 


\\- 
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• lint 
Bncrlpllin 




MlftUlf* 

km 


ft I i r il a » 


ME I 
If 
CWi 


Hi 

Iriu 


r Itiiui »n 
menu 


TO 

fit JKCuHliUKW 


■ —A 


ImpiiM 


TU 


U 


i 


Vv 


m 

Tiaiafei in fox K \o 
stKk w«ntii 


X— s 




r»s 


M 


i 




TYA 

Transfor isiom V 
16 a.: i tu i'l-.i 


Y — » 


Implied 


r»« 


SJ 


i 


V>/ 
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HEX OPERATION CODES 



00 - 


BBK 




!t - 


NOP 




;.c - 




- *bv?t u i B . * 


01 - 


on* 


- »na>KI *' 


30 - 


CM 




6F - 


NOP 




OS - 


NOP 




31 - 


«NO 


- ilnd.iecll V 


6C 


ITS 




05 - 


NOP 




32 - 


NOP 




61 — 


ADC 


— inairecl. * 


0" - 


NOP 




33 - 


NOP 




63 — 


NOP 




06 - 


OR* 




34 — 


NOP 




60 — 


NOP 




0* - 


ASl 


- Zt'O p»b» 


35 - 


AND 


— £m'a Paoe. 4 


64 — 


NOP 




07 - 


NOP 




36 - 


ROL 


Zero Paga » 


65 - 


AOC 


— Zvo Pigs 


M — 


P»P 




IT - 


HQ* 




65 - 


ROR 


- Zeio Page 


04 - 


OR* 


- ImmHilH 


31 - 


SEC 




67 — 


NOP 




DA 


ASl 


- Accu«*ulalO' 


36 - 


AND 


- Adioiuw. « 


it - 


RLA 




OB _ 


NOP 




J* - 


NOP 




19 


AOC 


- imiTMaiata 


OC - 


MOP 




3B - 


NOP 




6* — 


ROR 


— Aceu^mi'alo* 


OD — 


OR* 


— Abiotura 


3C - 


NOP 




68 - 


NOP 




OE - 


ASl 


- UUUI 


3D - 


AND 


- A;-) .iu: c ■ 


tc — 


JMP 


— inoirac' 


Of - 


NOP 




3E - 


ROL 


— Abtolula V 


to - 


AOC 


- Aoaeuulc 


IQ- 


BPv 




W- 


NOP 




K- 


ROR 


- AbaoM* 


ll — 


ORA 


- ihMMnoii y 


4LI 


RTI 




e* - 


HO" 




1J - 


NOP 




41 — 


EOR 


- anaMet K 


70 - 


BVS 




Il - 


NOP 




47 - 


NOP 




71 - 


*oc 


- iin*-«ii. V 


14 — 


M"-> 




43 - 


NOP 




72 — 


NOP 




IS — 


OS A 


— ifO P«Q« X 


44 — 


NOP 




73 — 


NOP 




16 — 


ASL 


- ZfllO Pag* 1 


45 — 


EOR 


— Zero Page 


74 - 


NOP 




IT - 


HUP 




48 - 


LSR 


— Ze'o Paga 


75 - 


ADC 


- ZmiD Pag* II 


16 - 


CIC 




«r — 


NOP 




7*- 


H0R 


- Zt-o P«g*. K 


l» — 


OR A 


- AblOlLllB. V 


46 - 


PHA 




77 - 


NOP 




1* - 


NOP 




46 — 


eoH 


— Immeoiala 


is — 


SB 




18 - 


NOP 




4A — 


LSR 


- AccumuUlDi 


7S - 


ADC 


- AOIOIUID T 


1C - 


NOP 




4B - 


NOP 




7A - 


NOP 




ID- 


OR A 


- ADiaiiil* > 


•C - 


JMP 


Aoiolma 


JB 


NOP 




IE - 


ASl - 


- »Mol M 1«. « 


*D - 


EOR 


_ AJMMa 


fC - 


NOP 




ir - 


NOP 




«e — 


LSR 


- AMOIUIB 


!D - 


ADC 


— Absolute r NOP 


iO- 


jsa 




4F — 


NOP 




"C - 


ROR 


— ADI4><uIb K NOP 


il — 


AMD 


- Ind ir.r . 


SO- 


BVC 




If — 


NOP 




J? - 


NOP 




Sl - 


EOR 


i|ndlt«c|i V 


BO - 


NOP 




a - 


NOP 




57- 


NOP 




51 - 


ST A 


- HMIirpcl X' 


2i — 


BIT - 


- Zam Pag. 


U - 


NOP 




63 - 


NOP 




26 


AND 


— 2po Pag* 


5*- 


NOP 




as - 


NOP 




26- 


ROL 


- /afo Paga 


55 


EOR 


— Ztro P»gr X 


64 - 


5TV - 


- Ztra Page 


JT- 


NOP 




55 - 


LSR 


- Zt'O Page. K 


BS - 


STA 


- Zaio Paga 


28 - 


PLP 




5? — 


NOP 




68 - 


ST* 


- /am Paga 


38 - 


AND 


- immagiala 


55 


CLI 




87 - 


NO* 




2A - 


ROL 


- Actumuealoe 


56 - 


tOR 


- Abiolui* V 


66 - 


OEV 




J8 - 


NOP 




5» - 


NOP 




«* - 


NOP 




3C - 


BIT - 


■ AMOIuI* 


SB - 


NOP 




BA - 


TIC A 




?D - 


AND 


- Aoaotula 


SC - 


NOP 




10 - 


NOP 




n - 


ROL 


- AMOluW 


50 - 


EOR 


- AMOIuU 1 


BC - 


ST* 


- AMSIUl* 



127 



ao - 


ST A - 


Arisen ute 


Bl - 


L0» - 


Zero Page X 


DB - 


. NOP 




ae - 


STX - 


Absolute 


Bfl 


LOA - 




DC - 


■NOP 




•r - 


NOP 




M 


LO- 


^h'u Paga ¥ 


DO - 


-CMP - 


- Absolute ■ 


» - 


BCC 




B' - 


NG* 3 




DE - 


DEC - 


Absolute X 


91 - 


STA - 


Undnect' 1 


04 - 


CLV 




DF - 


NOP 




W - 


NO" 




B9 - 


LDA - 


Ablo'uie V 


S0- 


CPX - 


liniTediale 


W - 


NOP 




BA 


tsx 




Ei - 


-•DC - 


ilndirecl X 


X - 


sty - 


Ze<t> Page x 


bB 


NOP 




E2 - 


NOP 




»S - 


STA - 




BC - 


LOV - 


Absolute X 


EJ - 


NOP 




K - 


STX - 


Zero Page » 


BO - 


LDA - 


Apaotuie R 


E« 


CPA - 


Zero Plqe 


»7 - 


NOP 




BE - 


LDX - 


Aosoluie, Y 


ES - 


SBC - 


Zero Pa »c 


9B - 


TYA 




BF - 


NOP 




ee - 


INC - 


Ze'u Page 


H 


STA - 


Alwolult. V 


CP - 


CPV 


l".m.d.al» 


n - 


WOP 




BA — 


IXS 




CI - 


CMP - 


'indirect x< 


E6 - 


■Nil 




SB — 


NOP 




CI - 


NOP 




EI — 


sac - 


Immediate 


»C - 


NOP 




CJ 


NOP 




EA - 


NOP 




90 - 


STA - 


ABSOfUt* X 


C4 — 


CP» - 


Zero Pa o* 


EB - 


NOP 




9f 


NOP 




cs — 


cup - 


Zero Page 


EC - 


CPU - 


Absolute 


*f - 


11 If 




c« - 


DEC - 


Zero Page 


En - 


sec - 


Absolute 


*a — 


LOT — 




Cf - 


NOP 




EE — 


INC - 


Absolute 


*i — 


LDA - 


ihcferaat x* 


CI - 


ifjv 




IF - 


NOP 




A2 - 


LDX - 


IfnmHUMi 


CI — 


CMP - 


Immediate 


fo _ 


BEO 




A3 - 






CA - 


□EI 




PI — 


sec - 


itnaVMD, » 


M 


lOY - 


Zero Page 


CB - 


NOi 




fi- 


NOP 




Hi- 


LOA - 


Zero P*p* 


cc - 


CP» - 


Aoaofcrta 


ts — 


NOP 




AG - 


tost - 


JflfQ Page 


CD - 


CMP - 


AG Willie 


f* - 


NOP 




AT — 


NOP 




CE - 


DEC - 


Absolute 


Fl - 


SBC - 


Zero Peo» X 


AB - 


7»v 




CF — 


NOP 




F6 _ 


INC - 


Zero Paae. K 


A» - 


LOA - 


lmmed«ale 


DO - 


BNC 




FT — 


NOP 




AA - 


1AX 




01 - 


CMP - 


Indirect), r 


f» — 


5E J 




AS - 


NOP 




P? - 


NOP 




F»- 


SBC - 


Aoso'uie r 


AC - 


LOV - 


Absolute 


0) - 


WOP 




FA - 


NOP 




AD - 


Abioi uilr 


D4 - 


NOP 




F8 - 


NOP 




AC - 


LOK - 


Abtotula 


05 — 


CMP - 


Zeto Page > 


FC - 


NO" 




AF - 


NOP 




M - 


DEC - 


Zero Page. A 


FO — 


SBC — 


Absolute. X 


BO — 


BCS 




or - 


NOP 




Ft — 


INC - 


Aoaolule X 


Bl - 


l6a - 




01- 


CIO 




FF - 


NOP 




82 - 


NOP 




D» — 


CMP - 


ADtulul* Y 








LVI - 


NOP 




OA - 


NOP 
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Tabic 1: Keyboard Special I.gcalinris 



5C000 49152 -16384 Keyboard Pan 
SC0I0 49168 -16368 Clear Keyboard Strobe 



Table 4: Video Display Memory Ranges 


Screen 


Page 


Begins al 
Hex 


IX'ciuial 


Ends at: 
Hex 


Decimal 


Text /Lo- Res 


Primary 
Secondary 


S800 


1024 
2048 


S7PF 
SBFF 


2047 
3071 


Hi-Res 


Primary 
Secondary 


mm 

S46W 


8192 
16384 


SUM 
S5FFF 


16383 
24575 







Tabic- 5: 


Screen Soft Switches 


Location 
Hex 


Decimal 


Description: 


SC050 
SC05I 


49232 
49233 


-16304 
•16303 


Display a GRAPHICS mode. 
Display TEXT mode. 


SC052 
SC053 


49234 
49235 


-16302 
-16301 


Display all TEXT or GRAPHICS. 
Mix TEXT and a GRAPHICS mode. 


SC054 
SC055 


49236 
49237 


-16300 
•16299 


Display the Primary page (Page li. 
Display ihc Secondary page (Page 2). 


SC0S6 
JC057 


49238 
49239 


-16298 
-16297 


Display LO RES GRAPHICS mode. 
Display HI RES GRAPHICS mode. 



Table Aiiiiiincialui Special Incalinns 


Ann. 


Stale 


Address: 






Decimal 


Hex 





off 


49240 


-16296 


SC058 




on 


49241 


-16295 


SC059 


1 


off 


49242 


-16294 


SC05A 




on 


49243 


-16293 


S< 05 B 


2 


off 


49244 


-16292 


$C05C 




on 


49245 


-16291 


SC05D 


3 


off 


49246 


-16290 


SC05E 


I 


on 


49247 


-16289 


SC05F 
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Table III: Input/Output Special Locations 


Funciion 


Address: 

Decimal 


Ilex 


Read/Write 


Speaker 


mm 


-16336 


SctOfl 


If 


Casseue Oul 
Cassette In 


49184 
49256 


-16352 
-16288 


SC020 
SCA60 


R 
R 


Annunciators 


49240 

through 

49247 


-16296 

through 

-16289 


SC058 

through 

SC05F 


R/W 


Flag inputs 


49249 
49250 
49251 


-16287 
-16286 
-16285 


SCWbl 
SC062 
SC063 


R 
R 
R 


Analog Inputs 


49252 
49253 
49254 
49255 


-16284 
-16283 
-16282 
-16281 


SC064 
SC065 
SC066 
SC067 


R 


Analog Clear 


49264 


-16272 


SC070 


R/W 


Utility Strobe 


492 tb 


-16320 


SC040 


R 



Tabic II: Text Window Special Locations 


Function 


1 iicatinn: 
Decimal Hex 


Minimum/Normal/Maximum Value 
Decimal Hex 


Left Edge 


32 S20 


0/0/39 S0/S0/S17 


Width 


33 S21 


0/40/40 SB/S28/S28 


lop Lct&c 


34 S22 


0/0/24 S0/S0/S1S 


Boitom Edge 


35 S23 


0/24/24 S0/S18/SI8 



fable 12: Normal/Inverse 1 ontrol \ allies 


Value: 
Decimal 


Hex 


Effect: 


255 


SFF 


COUT will display characters in Normal mode. 


63 


S3F 


COUT will display characters in Inverse mode. 


127 


S7F 


COUT will display letters m Flashing mode, all 
other characters in Inverse mode. 





Table 13 


Autostart ROM Special Locations 


Location 
Decimal 


Hex 


Contents: 


1010 

1011 


S3F2 
S3F3 


Soft Entry Vector. These two locations contain 
the address of the reentry point for whatever 
language is in use. Normally contains SE0U3. 


1012 


S3I 4 


Power-Up Byte. Normally contains $45. 


64367 
(-1169) 


SFB6F 


This is the beginning of a machine language 
subroutine which sets up the power-up location. 
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Table 14: Page Three Monitor Locations 


Address: 
Decimal Hen 


Use: 

Monitor ROM Autostart ROM 


1008 S3! 

1009 53F1 


None. 


Holds the address 
of the subroutine 
which handles 
machine language 
"BRK" requests 
(norrnaly SFA59). 


1010 S3F2 

1011 S3F3 


None. 


Soft Entry Vector. 


1012 S3F4 


None. 


Power-up byte. 


1013 S3F5 

1014 S3F6 

1015 S3F7 


Holds a "JuMP" instruction to the 
subroutine which handles Applesoft II 

"&" commands. Norrnaly $4C $58 
SFF. 


1016 S3F8 

1017 S3F9 

1018 S3FA 


Holds a "JuMP" instruction to the 
subroutine which handles "User 
flC'TRL V I > commands. 


1019 S3FB 

1020 |3FC 

1021 S3FD 


Holds a "JuMP" instruction to ihe 
subroutine which handles Non- 
Maskable Interrupts 


1022 S3FE 

1023 S3FF 


Holds the address of the subroutine 
which handles Interrupt RcQucsts. 
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Table 22 Kuill In I/O l.iicatiinis 


SC000 


$0 $1 $2 S3 S4 SS S6 S7 S8 S9 SA SB SC SD SE SF 


Keyboard Data Input 


SOH0 


("Ilmi Kc.vhi.jrd Strobe 


SC020 


Cassette Output Toggle 


SC030 


Speaker Toggle 


5C040 


1 him Sitohe 


SC«50 


V 


IX 


noirin 


mix 


pri 


sec 


lares 


hires 


unit an! un3 un3 


SC060 


cin 


phi 




ph3 


V* 








repeal SCD60-SC067 


SC070 


Game Controller Strobe 



B 



Key Co abbreviations: 





Set GRAPHICS mode 


IX 


Set TEXT mode 


nomix 


Set all lext or graphics 


mix 


Mix text and graphics 


pri 


Display primary page 


sec 


Display secondary page 


lores 


Display Low-Res Graphics 


hires 


Display Hi-Res Graphics 


an 


Annunciator outputs 


pb 


Pushbutton inputs 


gc 


Game Controller inputs 


cin 


Cassette Input 
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Table 13: Peripheral Card I/O Locations 




$0 SI 


S2 S3 S4 S5 $6 S7 


S8 $') &A SB SC SD SI SI 


SC080 











SC090 








1 


SC0A0 








2 


SC0B0 
SC0C0 




Input/Ouipul for sloi number 




3 

4 


SC0D0 








5 


SC0F0 








f. 


SC0F0 
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Table 24: Peripheral Card PROM Local ion?. 



SCI 00 
SC200 
Si 100 
SC400 
SC5OT 
SC6N 
SC700 



500 SI0 S20 S30 S40 S50 S60 5^0 SH0 S90 SA* SB0 SC» SD0SE0SK0 



PROM spate for sloi number 



Table 25: I/O Local ion Base Addresses 



Base 








Slot 








Address 


e 


1 


2 


3 


A 


5 


6 


7 


SC080 


SC080 


SC090 


$C0A0 


SC0B0 


SC0C0 


SC0D0 


SC0F0 


SC0F0 


SC081 


SC081 


SC091 


SC0A1 


S( 0BI 


SCKI 


SC0D1 


SC0HI 


SC0F1 


SC082 


SC082 


SC092 


SC0A2 


SC0B2 


SC0C2 


SC0U2 


5C0H2 


SC0F2 


SC083 


SC083 


SC093 


SCO A3 


SC0B3 


SC0C3 


SC1D3 


SC0E3 


SC0F3 


SC084 


SCW-l 


SC094 


SCPA4 


SC0B4 


SC0C4 


SC0D4 


SC0E4 


SC0I4 


SC085 


SC'085 


SC095 


SCBAJ 


St 0B5 


SCICS 


SC0D5 


S( HI s 


SC0I 5 


SC086 


SC086 


SC096 


SC0A6 


SC0B6 


SC0C6 


SC0D6 


SC0E6 


SC0F6 


SC087 


SC '08 ■ 


SC097 


SC0A7 


SC4B7 


StW ' 


SC0D7 


SC0E7 


SC0IT 


SC088 


tcm 


SC098 


SC0A8 


SC0B8 


sc0c:8 


SC0D8 


SC0E8 


SC0F8 


SC089 




SC099 


sew v 


SC0B9 


SC0C9 


SC0D9 


SC0F9 


SC0F9 


$C08A 


SC08A 


SC09A 


SC0AA 


SC0BA 


scecA 


SC0DA 


SC0HA 


SC0FA 


SC08B 


SC08B 


SC09B 


SC0AB 


SC0BB 


SC0CB 


SC011IS 


SC0EB 


SC0FB 


SC08C 


SC08C 


SC09C 


SC0AC 


SC0BC 


SC0CC 


SC0DC 


SC0FC 


SC0FC 


SC081) 


SC08D 


SC.09D 


$C0AI> 


SC0BD 


SG0CO 


SO0DD 


S( -01-1) 


SC0FD 


SC08E 


SC08E 


SC09E 


SC0AE 


SC0BF 


SC0CE 


SC0DE 


SC0EE 


SC0FF 


scesF 


SCflSF 


SC09F 


SCiAP 


SC0BF 


SC0CF 


SC0DF 


SC0LI 


SC0FF 



I/O Locaiions 
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Table 26: I/O Scratchpad R AM Addresses 



Bjsc 








Slot Number 






AlldlLNS 


I 


2 


3 


4 


5 


6 


7 


$0478 


S0479 


S047A 


S047B 


S047C 


$04 7 D 


s*iri 


S047F 


S04F8 


S04F9 


S04FA 


S04FB 


S04FC 


$04 FO 


$04 Fb 


S04FF 


$0578 


S0579 


S057A 


S057B 


5057C 


$05 7 D 


$05 7 E 


S057F 


S05F8 


S05F9 


$05 FA 


S05FB 


SB5FC 


S*5FD 


$05 FF 


$05 FF 


$0678 


S0671 


S067A 


S067B 


S067C 


S067D 


$06 7 F 


S067F 


S06F8 


S66F9 


S06FA 


SB6FB 


506 FC 


S0bl-D 


S06FF 


S06FF 


S0778 


S0779 


S077A 


S077B 


$07 7C 


S077D 


S077F 


$07 7 F 


S07J-8 


M7F9 


S07FA 


S07FB 


$07 FC 


507| D 


$07 FF: 


$07 FF 



g 
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APPENDIX C 
ROM LISTINGS 




AUTOSTART ROM LISTING 



W V— 










OOOC 










0000 




* APPLE 


It 




oooo 




* MONITOR 1 1 


OOO*"" 1 










oooo 




- COPYRIGHT 


197H BV 




a 


* APPLE 


COMPUTER. INC 


oooo 


q 


+ 






oooo 


1 C' 


* ALL RIGHTS RESrSVFE 


oooo 


1 1 


» 








* g 

I*. 


• STEVE 


unZNIAK 


oooo 


13 


■» 






oooo 


1 A 




oooo 


ft •? 


* 






oooo 


1 A 


* MDE-IFIEP VDV 1«»78 


oooc 


17 


* Bv JOHN A 




J 


1 1- 

i-D 


• 






oooo 


1 *7 








FQOC 


4C * 




ORG 


• FBOO 


FBOO 


• ' 1 




□BJ 


•2000 


F BO t 










FSOU 


t; 


LOCO 


EQU 


•00 


FBOG 




LOCI 


EGU 


■ 01 


FBOQ 


IB 


WNTJLFT 


EQU 


•20 


FBOO 




wnjywy 1 rl 


EGU 


• 21 


FBOO 




WNDTDP 


EOU 


•22 


conn 


9B 
«B 


UMDBTM 


EOU 


•23 


FB i l 


':c 
#£▼ 


CH 


EOU 


•24 


FBOO 


Ju 


ew 


EOU 


•25 


r DUV 


31 


GBA5L 


EOU 


•26 


FBOO 


3£ 


CD ASH 


EOU 


•2? 




33 


DASL 


EOU 


•28 


FBOO 


3^ 


BASH 


EOU 


•29 


FBOO 


35 


BAS2L 


EOU 


•2A 


FBOO 


36 


BAS2H 


EOU 


•2B 


r aw 


37 


H3 


EOU 


KK 


FBOO 


38 


lmnem 


EQU 


S2C 


r auL' 


3" 


\>2 


EOU 


•2D 


FBOO 


40 


RflNEM 


EQU 


•2D 




4 1 


MASK 


EQU 


»2E 


FBOO 


42 


chksum 


EQU 


•2E 


FBOO. 


43 


FOB HAT 


EQU 


•EE 


FBOC- 


44 


LASTIN 


EQU 


*2F 


Feoo 


49 


LENGTH 


EQU 


*2F 


FBOO 


46 


SICW 


EQU 


*2F 


FQOO 


47 


COLOR 


EQU 


•30 


FBOO 


45 


MODE 


EQU 


•31 


F6Q0 


49 


IWFLG 


EQU 


•32 


FBOO 


30 


PROMPT 


EQU 


•33 


FBOO: 


31 


VSAV 


EQU 


•34 


FQOO 


32 


VSAV1 


EQU 


•33 


FQOO 


■53 


C5WL 


EQU 


• 36 


FBOO 


54 


CSWH 


EQU 


•37 


F800 


35 


KSWL 


EQU 


♦3B 


FBOO 


36 


KSUH 


EQU 


•39 


F0OO 


57 


PCL 


EQU 


•3A 


FBOO 


SB 


PCH 


EQU 


•31 


FBOO 


F9 


AIL 


EQU 


»3C 


FBOO 


60 


AtH 


EQU 


•3D 


PBOQ 


61 


A3L 


EQU 


*3E 


FBOO 


62 


A2H 


EQU 


»3F 


FBOO 


62 


A3L 


EQU 


•40 


FBOO 


6« 


A3" 


EQU 


•41 


FBOO 


63 


A4L 


EQU 


• 42 


FBOO 


66 


A4M 


EQU 


• 43 


FBOO 


67 


A5L 


EQU 


• 44 


FBOO 


6B 


ASH 


EQU 


• 45 
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FBOO 








69 


acc 


EOU 


*45 


FBOO 










XREC 


EOll 


*4o 


FBOO 










VREG 


EQU 


• 47 


FBOO 








— ~ 


STATUS 


EQU 


*4B 


FBOO 








n 


SPNT 


EQU 


• 47 


FBOO 










BlMDL 


EQU 


S4E 


FGDO 








7! 


RNDH 


eou 


*<F 


FBOO 








76 


PICK. 


EOU 


*95 


FBOO 








7?< 


IN 


EQU 


•0200 


FBOO 








76 


BRKV 


EOU 


• 3F0 


FBOO 








7<? 


BOFTEV 


EQU 


43F2 


F900 








BO 


PUREDUP 


EQU 


f3FJ 


FBOO 








E i 


A.1PERV 


EQU 


*3F5 i 


Fa 0." 








BS 


USfi ADR 


EOU 


«03Fg 


FBOO 








E3 


Nril 


EQU 


•03FB 


FBOO 








B4 


TROLDC 


EQU 


«3FE 


FBOO 








CI* 


LINE1 


EQU 


♦400 


FBOO 








66 


nSLOT 


EQU 


»07FB 


FBOO 








B7 


IOADR 


EOU 


*CO00 


FBOO 








BB 


KBD 


EOU 


*COOC 


FBOO 








B9 


KBDSTRB 


EQU 


•C010 


FBOO 








90 


TAPE OUT 


EQU 


♦C020 


FBOO 








11 


5PHR 


EQU 


*C030 


FBOO 








92 


TXTCLR 


EQU 


*CQ50 


FBOO 








93 


TXTSET 


EQU 


»C05l 


F800 








94 


MIUCLfi 


EQU 


•C052 


FBOO 








IS 


MI XSET 


EQU 


•C053 


F800 








96 


LDWSwR 


EQU 


9C054 


FBOO 








97 


HI6CR 


EQU 


•C055 


FBOO 








"B 


LORES 


EQU 


4C056 


FBOO 








99 


HIRES 


EOU 


• C057 


FBOC 








100 


SETANO 


EQU 


•cose 


FBOO 








101 


Clrano 


EQU 


• CQ59 


FBOO 








102 


SET AN I 


EOU 


•C05A 


FSuO 








103 


CLRAN1 


EOU 


• COSB 


FBOO 








10* 


5ETAN2 


EOU 


• C05C 


FBOO 








105 


CLRAN2 


EQU 


• C03D 


FBOO 








106 


SETAN3 


EOU 


• C05E 


FBOO 








1 07 


CLRAN3 


e au 


• C05F 


FBOO 








ioe 


TAPEIN 


EOU 


•C060 


FBOO 








1 0"? 


PADDLO 


EQU 


•C064 


FBOO 








1 10 


PTRIC 


EQU 


«C070 


FBOO 








i i i 


CLRRDM 


EQU 


•CFFF 


FBOC 








1 12 


BASIC 


EOU 


•EOOO 


FBOO 








1 13 


BASIC2 


EQU 


•E003 


FBOO 








5 




PAGE 


FBOO 


4A 






1!! 


PLOT 


LSR 


A 


FBOl 


OB 






I Is 




PHP 




Fsor 


20 


47 


FB 


1 IT 




JSR 


OBASCALC 


fbo; 


SB 






1 IE 




PLP 




FBOc 


-i= 


OF 




1 19 




lda 


#»0F 


FBOB 


vo 


6a 




12C 




BCC 


RTHASK 


FBOA 


69 


EO 




iz: 




ADC 


»»E0 


F80C 


B9 


Z~ 




it l 


RTMASK 


ETA 


MASK 


FBOE 


81 


2a 




1 2? 


plot i 


LDA 


( SD A5L > i V 


fbio 


46 


3C 




124 




EOR 


COLDR 


F612 


29 


se 




12? 




AMD 


MASK 


FBI 4 


51 


24 




126 




EOR 


IG3ASL). ¥ 


FBI 6 


VI 


£6 




127 




STA 


(CDASL1. V 


FB1S 


60 






12B 




RTS 




FB1 = 


20 


00 


= 6 


12? 


HLINE 


JSfi 


PLOT 


FBlC 




2C 
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MLINES 


CPY 


H2 


FB1£ 


t 


11 
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BC5 


RTSI 


F62Q 


C8 
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I NY 




FB21 


2" 


OE 


FB 


133 




JSR 


PLOT I 


FB2-4 


50 


F6 
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BCC 


HLINEI 


FB26 


49 


01 




135 


v^INEZ 


ATJC 


#*oi 


F92B 


4B 






136 


WLINE 


PHA 




Fa? 1 ! 


£0 


00 


F8 


137 




JSR 


PLDT 


PB2C 


68 






135 




PLA 




F32D 


C5 


r.T 




139 




CffP 


V2 


FB2F 


90 


FS 




140 




DCC 


ULINE2 


F63-. 


AO 






141 




RTS 





. NOTE OVERLAP WITH A5H ' 



NEW VECTOR FOR QRK 

VECTOR FOR WARM STAR 1 " 

THIS MUST » EOR »*A5 QF BOFTEV+1 

APPLESOFT i, EXIT VECTOF 
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FB32 


AO 


2F 




142 


CLRSCR 


LDV 


t*7f 


FB34 


DO 


08 




143 




BNE 


CLRSC2 


rast 


AC 


27 




144 


ClRTOP 


LDV 


»»27 


= s;-r 


B4 


2D 




145 


CLR5C2 


STY 


wa 


FB3A 


AO 


t 




146 




LDY 


#*27 


F93C 


*9 


00 




147 


CLR5C3 


LDA 


MDJ 


FB3E 


as 


30 




14B 




STA 


COLOR 


FBAO 


20 


26 




149. 




JS» 


ULIME 


FB43 


Be 






ISO 




DEV 




FB-W 


10 






1 - 1 




BPL 


CLP EC 3 


FB46 


fcO 






1 52 




RT5 




FSi7 








183 




PASE 


F84" 


4B 






154 


GBA5CALC 


PHA 


F84B 


44 






155 




LB9 


A 


F849 


24 


03 




15e 




AND 


1t»03 


F84E 


09 


04 




157 




OR A 


#*04 


F84D' 


BS 


27 




15B 




STA 


©BASH 


F91=- 


66 






159 




PLA 
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FC32 


90 


CO 




138 




BCC 


ADVANCE 


FC34: 


FO 


DA 




139 




BEQ 


as 


FC3*. 


69 


FD 




140 




ADC 


■•FD 


FC39 


90 


2C 




141 




BCC 


LF 


FC3A 


FO 


DE 




142 




&EG 


UP 



ESC t ? 

IF SO DO HOME AMD CLEAR 
ESC-A OR B CHECtV 
Ai ADVANCE 

B. BACKSPACE 
ESC-C OR CHECK 

C. DOWN 

D. GO UP 



146 



68 

69 00 
C5 23 
90 F0 
BO CA 
A3 22 
B3 S3 
AO 00 
BA 24 
FO E4 

A9 00 
83 2* 



90 06 
C6 23 



24 FC 



AS 28 
83 2A 
A3 29 
85 SB 
A« 21 



90 F9 
60 



E9 01 

DO FC 
6B 



C3 3E 
A3 3D 

C3 3F 
E6 3C 



143 
144 

145 

146 CLREDP 
147 

148 CLEOPl 

149 

150 

131 

152 

133 

154 

135 

156 

137 HOME 

156 

139 

160 

161 
16? 

V63 CR 
164 

165 LF 

166 

167 

166 

169 

170 SCROLL 

171 

172 

173 SCRL1 

174 

173 

176 

177 

17B 

179 

180 

131 

182 

1B3 

184 

185 SCRL2 

IBi 

1B7 

IBS 

189 

]90 5CRL3 

191 

192 

193 ClREOL 

194 CLEOLZ 
193 CLEOL2 
196 

197 
198 
199 

200 WAIT 

201 UAIT2 

202 UIA1T3 
203 

204 
205 
206 
207 

206 NXTA4 

209 

210 

211 NXTA1 

212 

213 

214 

215 



ADC »*FD 

BCC CLREOL 
BNE RTS4 
LDV CH 

. DM "•' 

PHA 

JSR VTAQZ 
JSR CLEOL? 
LDV #»00 
PL A 

ADC #*00 
CHP HNDBTM 
BCC CLEOPl 
BC5 VTAB 
LDA UNDTOP 
ETA CV 
LDV »*00 
STY CH 
BEG CLEOPl 
PAGE 

loa : - 

STA CH 
JNC CV 
LDA CV 
CMP WNDBTH 
BCC VTABZ 
DEC CV 
LDA UNDTDP 
PHA 

JSR VTABZ 
LDA BASL 
STA BAS2L 
LDA BASH 
STA BAS2H 
LDV UNDWDTH 

DEv 
PLA 

ADC 11*01 

CMP WNDDTK 
BCS SCRL3 
PHA 

JSR VTAB7 
LDA (BASLLV 
STA ( BAS2L ) ■ V 
DEV 

BPL SCRL2 
BNI SCRL1 
LDV »*00 
JSR CLEOLZ 
BCE VTAB 
LDV CH 
LDA «*A0 
STA (BASL) - V 
1NY 

CPY WNDWDTH 

BCC CLEQL2 

RTS 

SEC 

PHA 

SBC ••01 

BNE WA[T3 
PLA 

SBC #*01 
BNE WA1T2 
RTS 

INC A4L 
ONE NXTAl 
INC A4H 
LDA AIL 
C«P A2L 
LDA AIM 
SBC A2H 
INC AIL 



ESC-E OR F CKECK 

E. CLEAR TD END OF LINE 

ELBE NOT Fi RETURN 

ESC F IS CLR TO END OF PASE 



147 



FCC4 


DO 


02 
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BNE 


RTS4B 


rLLb 


tt 


3D 




217 
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A1H 


FCC8 


60 






21 6 


RT94B 


RTS 




FCC*? 








21"? 




PACE 


r LLT 


AO 


4B 




220 


HEAOP 


LDY 


F*4B 


PCCE 


30 


rr 


FC 


221 




JSR 


ZERDLV 


FCCE 


W) 


F9 




222 




ONE 


HEADS 


FCDO 


69 


FE 




223 




ADC 


**FE 


FCD2. 


BC 


F5 




334 




BCE 


HEADF? 


FCD4 


AC 


21 




223 




LDV 


tt*21 


FCDfc 


20 


DB 


FC 


226 


URD n 


JSR 


ZERDLV 


FCD9 


CB 






227 




INY 




FCDA 


CB 






225 




INY 




FCDB 


nr 






229 


ZERDLY 


DEV 




FCDC 


00 


r r 




230 




BNE 


ZERDLV 


FCDE 


9 Q 






231 




sec 


WRTAPE 


FCEO. 


AO 


32 




232 




LDV 


Ma2 


FCEE 


M 

DD 






233 


□NEDLY 


DEY 




FCE3 


DO 


F 




234 




BNE 


ONEDLV 


FCE5: 


A [ 


Q 


CO 


233 


WRTAPE 


LDV 


TAPEDuT 


FCEB 


AO 


2C 




23e 




LDV 


M2C 


FCEA 


C A 






237 




DE* 




FCED 


c O 






23B 




RTS 




FCEC 


A? 


OS 




239 


RDB YTE 


LDX 


»*0B 


FCEE 


4B 






240 


RDDVT2 


PHA 




FCEp" 


20 


F 


FC 


24 1 




JSR 


RD2BI T 


FCF2 


66 






242 




PLA 




FCF3 


24 






243 




RQL 


A 




AO 






244 




LDV 


4C3A 


FCF& 


C •"■ 






24 5 




DEX 




FCF7 


i 






246 




BNE 


RDBYT2 


FCF9 


60 






247 




RTS 




FCFA 


20 


FD 


FC 


24B 


RD2BIT 


JSR 


RDBIT 


FCFD 


BE 






249 


RDBIT 


DEV 




FCFE 


AD 


M 


CO 


250 




LDA 


TAPE 1 N 


FDOl 


45 


2 C 




£31 




EOR 


LASTIN 


FD03 


10 


F3 




232 




BPL 


RDBIT 


FD05 


4 3 


2F 




253 




ECM 


LASTIN 


FD07 


65 


8F 




254 




STA 


LASTIN 


FD09 


CO 


BO 




255 




CPV 


•ISO 


FDQB 


60 






256 




RTS 




FDOC 


M 


24 




257 


RDMEY 


LDV 


CH 


FDOE 


B 1 


; E 




25B 




LDA 


1 BASL > . V 


FD10 


4B 






239 




PHA 




FD11 


29 


3F 




260 
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HS3F 


FD13 


09 


•0 




261 




□ RA 


#*40 


FD15 


«n 


BE 




262 




STA 


( BASL I . Y 


FD17 


68 






263 




-Lr 




FDie 


6C 




00 


264 




JMP 


( KSWL ) 


FD1E 


E6 


4E 




265 


KEVIN 


INC 


RNDL 


FDID 


ZjL 






266 




BNE 


KEV1N2 


FDIF 


Et 


4F 




267 




INC 


RNDH 


FD21 


2C 


00 


CO 


263 


KEVINS 


BIT 


KBD 


FD2* 


10 


F5 




26V 




BPL 


KEVIW 


FD2A 
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26 




270 




STA 


< BASL > ■ V 


FD28 


AD 


00 


CO 


271 




LDA 


KBD 


FD2B 


2C 


10 


CO 


272 




BIT 


KBDSTRB 


FD2E 








273 




RTS 




FD2F 


30 


X 


FD 


274 


ESC 


JSR 


RDKEV 


FD32 


so 


A? 


Fa 


273 




JSP 


ESCHEW 


FD35 


30 


oc 


FD 


27f, 


RDCHAR 


JSR 


RDKEV 


FD38 








277 




CMP 


*«9B 


FD3A 


r " 


F3 




27S 




BED 


ESC 


FD3C 


60 










FITS 




FD3L 








280 




PAOE 




FD3D 


A5 


32 




281 


NOTCR 


LDA 


INUFLC 


FD3F 


4B 






rcr 




PHA 




FD40 


A" 


FF 




263 




LDA 


**FF 


FD42 


S5 
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234 
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FD44 


ED 


or 


02 


2B5 




LDA 


IN. X 


FD47 


20 


ED 


FC 
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JSR 


COUT 


FD4A 


65 






2B7 
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FD4B 


B5 


32 




268 




STA 


INWFLG 
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FD4D 


Bt 


00 


02 


289 




LDA 


IN. X 


FD50 


C9 


bb 




290 




CMP 


KSBS 


FD52 


FO 


ID 




291 




BEQ 


BCHSPC 


FD54 


e 9 


9a 




292 




CMP 
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FD56- 


FO 


OA 




293 




BEQ 


CANCEL 


FP5B 


C 3 


FB 




294 




CPU 


• *FB 


FD5A 


TO 
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295 




BCC 


NOTCR 1 


FD5C 


20 


3A 


FF 


£9ft 




J5R 


BELL 


FDSF 


E E 






297 


NOTCH 1 


INK 




FD6Q 


Dt 


13 




298 




BNE 


NXTCHAR 


FD62 


A9 


DC 




299 


CANCEL 


LDA 


• *DC 


FD64 


3C 


ED 


FD 


30O 




J26' 


COUT 


FD67 


i.C 


8E 


FD 


301 


CETLN7. 


J5R 


CROUT 


FD6A 


AS 


33 




302 


CETLN 


LDA 


PROMPT 


FD6C 


20 


ED 


FD 


303 




JSR 


CDUT 


FD6F 


a; 


01 




304 




LDX 


■ 401 


FD7 I 


BA 






305 


BCKSPC 


T«A 




FD72 


FO 


F3 




30ft 




BEO 


QETLN2 


FD74 


CA 






307 




DEX 




FD75 


ao 


3? 


FD 


SOB 


NKTCHAft 


JSR 


RDCHAR 


FD7B 


C9 


95 




309 




CMP 


»*95 


FD7A 


DO 


02 




310 




BNE 


CAPTST 


FD7C 


Dl 


2E 




31 1 




LDA 


(BASL*. V 


FD7E 


C9 


EC 




312 


CAPTST 


CMP 


• CEO 


FDSO 


•Q 


02 




313 




BCC 


ADD1NP 


FD8Z 


29 


DF 




314 




AND 


■»DF 


FD84 


90 


00 


02 


315 


ADD IMP 


37 A 


IN. X 


FD87 


M 


BD 




316 




CMP 


»«BD 


FDB9 


DG 


B2 




317 




BNE 


NOTCR 


FD8B 


20 


9C 


FC 


31B 




JSR 


CLREOL 


FD8E 


A9 


BD 




319 


CROUT 


LDA 


■*SD 


FD90 


DO 


SB 




320 




BNE 


COUT 


FD92 


M 


3D 




321 


PRA1 


LDV 


A1H 


FD94 


Aft 


3C 




322 




LDX 


AIL 


FD96 


20 


BE 


FD 


323 


PRYXJ 


JSR 


CROUT 


FD99 


20 


40 


F9 


324 




JSR 


PftNTVX 


FD9C 


AO 


00 




325 




LDV 


M*00 


FD9E 


A9 


AD 




326 




LDA 


•»AD 


FDAO 


4C 


ED 


FD 


327 




JMP 


COUT 


FDA3 








32S 




PAGE 


FDA2 


AS 


3C 




329 


XAME 


LDA 


AIL 


FDA5 


09 


07 




330 




OR* 


#»07 


FDA7 


as 


3E 




331 




ST A 


A2L 


FDA9 


A5 


3D 




332 




LDA 


A1H 


FDAB 


as 


3F 




333 




ST A 


A2H 


FDAD 


AS 


3C 




334 


HODBCHK 


LDA 


AIL 


FDAF 


29 


07 




□35 




AND 


#•07 


FOB 1 


□0 


c> 




336 




BNE 


DATAOUT 


FDB3 


in 


92 


FD 


337 


XAW 


JSR 


PRA1 


FDBo 


A9 


AO 




33B 


DATADUT 


LDA 


••AO 


FDBB 


20 


ED 


FC 


339 




JSR 


COUT 


FDBB 


Bl 


3C 




340 




LDA 


(aid ■ y 


FDBD 


20 


DA 


FD 


341 




JSR 


PRBVTE 


FDCO 


5fO 


BA 


r- 


342 




JSR 


NXTA1 


FDC3 


90 


E8 




343 




BCC 


HODBCHK 


FDC5 


tc 






344 


RTS4C 


RTS 




FDCfe 


4i> 






345 


XAMPM 


L5R 


A 


FDC7 


90 


EA 




34 6 




OCX 


XAM 


FDC9 


4A 






347 




LSft 


A 


FDCA 


4A 






34 B 




LSR 


(> 


FDCB 


A3 


3E 




349 




LDA 


A2L 


FDCD 


90 


02 




350 




BCC 


ADD 


FDCF 


49 


C F 




351 




EOS 


••FF 


FDD 1 


63 


3C 




352 


ADD 


ADC 


AIL 


FDD 3 


48 






353 




PHA 




FDD 4 


A9 


BD 




354 




LDA 


••BD 


FDD6 


30 


ED 


FD 


385 




JSR 


COUT 


FDD9 


c e 






35ft 




PLA 




FDDA 


46 






357 


PRBYTE 


PHA 




FDDB 


4A 






356 




LSR 


(- 


FDDC 


"A 






359 




LSR 


A 


FDDD 


4A 






360 




LSR 


A 


FDDE 


4A 






36 1 




LSft 


A 



SHIFT TO UPPER CASE 



149 



FDDF 


20 


£5 


FD 


362 




JSR 


PRHEXZ 


FDE2 


6B 






363 




PL A 




FDE3 


29 


OF 




364 


FRHEX 


AND 


■ •OF 


FDES. 


09 


BO 




365 


PHMEX2 


OR A 


■ SBO 


FDE7 


C9 


BA 




3d 6 




CMP 


**"<• 


FDE9 


90 


02 




367 




BCC 


COUT 


FDEB 


69 


06 




3*8 




ADC 


■ •06 


FDED 


6C 


3b 





369 


COUT 


JMP 


(CSWL) 


FDFO 


C9 


AO 




370 


C0UT1 


CMP 


■ SAO 


FDF2 1 


90 


02 




371 




BCC 


COUTZ 


FDF4 


29 


32 




372 




AND 


1NVFLC 


F0F6 


84 


35 




373 


COUTZ 


STY 


Y5AV1 


FDFE 


4B 






374 




PHA 




FDF9 


20 


7S 


FE 


375 




JSR 


VIDUA IT 


FDFC 


6E 






376 




PLA 




FDFD 


A4 


33 




377 




LDY 


YSAV1 


FDFF 


60 






37B 




RTS 




FEOO 








379 




PAGE 


FEOO 


C6 


34 




360 


BL1 


DEC 


YEAV 


FE02 


FO 


9F 




331 




DEO 


XAMB 


FE04 


CA 






382 


BLANK 


OEM 




FE03 


DO 


16 




3S3 




BK£ 


SETMDZ 


FE07 


C9 


Bd 




3S4 




cw» 


#*BA 


FE09 


DO 


BE 




3B3 




ONE 


XA.TPM 


FEOB 


95 


31 




366 


STOB 


ST A 


NODE 


FEOD 


rt5 


3E 




3S7 




LDA 


A£L 


FEOF 


91 


40 




3BB 




ST A 


<A3U). Y 


FE! 1 


E6 


40 




389 




INC 


A3L 


F£l3 


DO 


OS 




390 




BME 


RTSS 


FEta 


Eb 


41 




391 




INC 


ASH 


FE17 


60 






392 


RTS3 


RTS 




FE1B 


A4 


34 




393 


SET MODE 


LDV 


YSAV 


FE1A 


B9 


FF 


Di 


394 




LDA 


IN-1. Y 


FE1D 


93 


31 




391 


SETMDZ 


5TA 


MODE 


FE1F: 


60 






396 




RTS 




FEZO 


A2 


OI 




397 


LT 


LDX 


•*0 I 


FE22 


OS 


3E 




39B 


LT2 


LDA 


A2L. X 


FE24 


99 


42 




399 




STA 


A4L- X 


FE26 


95 


44 




400 




STA 


A5L. X 


FE2B 


CA 






401 




D£X 




FE29 


10 


F7 




402 




3PL 


LT2 


F62B 


60 






403 




BTS 




FE2C 


ai 


3C 




404 


nove 


LDA 


< AIL ) • Y 


FE2E 


91 


42 




405 




STA 


<A4L) ■ Y 


FE30 


20 


B4 


FC 


406 




JSR 


NX TA4 


FE33 


90 


F7 




407 




BCC 


MOVE 


FE35 


60 






408 




RTS 




FE36 


m 


3C 




409 


VFY 


LDA 
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FE3B 
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42 




410 




CMP 
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FE3A 


FO 


1C 
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DEO 


VFYOK 


FE3C 


SO 


92 


FD 


412 




JSR 


PRA1 


FE3F 


E i 


3C 




413 




LDA 


<A1L>. Y 


FE41 


20 


DA 


FD 


414 




JSR 


PRBYTE 


FE4* 


A9 


AO 
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LDA 


■■AO' 


FE46 


20 


ED 


FD 
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JSR 


COUT 


FE49 


A9 


AB 




417 




LDA 


■ •AB 


FE4B 


20 


CD 


FO 


4ia 




JSR 


COUT 


FE4E 


Bl 
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419 




LDA 
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FESO 


20 


DA 


FD 
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JSR 


PRBYTE 


FE 53 


A9 


A9 
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LDA 
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20 


ED 


r D 


422 




JSR 


COUT 


FESB 


20 


34 


FC 


423 


VFYOK 


JSR 


NXTA4 


FE3D 


90 


D9 
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BCC 


VFY 


FE3D 
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423 




RTS 




FE5E 


20 


75 


FE 
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LIST 


JSR 


A IPC 


FE61 


A9 
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427 




LDA 


*S14 


FE63 


48 






428 


LISTS 


PHA 




FE64 


80 


CO 


fb 


429 




JSR 


rNSTDSP 


FE67 


SO 


33 


F9 


430 




JSR 


PCADJ 


FE6A 
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3A 
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PC. 
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B4 


33 
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STV 
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6B 
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3B 
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S9 
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FO 
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AO 


3F 




446 


SET T NV 
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AO 
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SETNORM 
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450 




FEB9 


A? 


■J 'j 




451 


SETKQD 
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455 
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3E 
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FO 
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DO 
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FEAD 


£>0 
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1)35 


DFB 


pMOVE-1 




FFEF: 


IF 


1136 


DFB 


»LT-1 




PFFu: 


Hi 


1137 


JFB 


fi ETSORH- 1 




mu 


7F 


ma 


OFB 


SSETINV-l 




FFF2: 


5D 


11J9 


DFB 


*LIST-1 




FFF-: 


CC 


1140 


DFB 


pn'KITE-1 




r FF-I : 


B5 


1 141 


DFB 


IGO-I 




FFFi: 


FC 


1142 


OFB 


IREAC-l 




FFFb: 


11 


1143 


CFB 


ETIODE-t 




fff;-. 


17 


1 144 


OFB 


eaETNOCE-1 




FFFoi 


I" 5 


1145 


3FB 


dCHMON-1 




ma 


U3 


114b 


DFd 


H3LANK-1 




FFFA: 


FB 


i 14 7 


CFE 


(Alii 




FFFfl: 


01 


I 1 4b 


DF3 


fN.Xt/25ti 




FFFC: 


ij 


114, 


DFB 


PRESET 




FFFU: 


FF 


i-isd 


DFB 


tKESET/255 




FFFEs 


Hb 


1151 


DFE 


fIRC 




f FFF: 


FA 


1152 


jFB 










11 3 J XjTUZ 


ECU 


S-1C 



SMI VECTOR 
RESET VEC7CR 

is; vuCTCe 
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SYMBOL TABLE 
(NUMERICAL ORDER) 



0000 


LOCO 


FC76 


SCRL1 


FB5B 


TAB V 


0022 


WNDTOP 


FC9E 


CLEDLZ 


FB78 


VIDUA IT 


0026 


GBASL 


FCAA 


WAIT3 


FB9B 


EBCNON 


002A 


BAS2L 


FCC9 


HEADR 


FBD9 


BELLI 


002D 


V2 


FCE5 


WRTAPE 


FBF4 


ADVANCE 


002E 


FORMAT 


FCFD 


RDB1T 


FC1A 


UP 


0030 


COLOR 


FD2F 


ESC 


FC2C 


ESC1 


0034 


YSAV 


FD62 


CANCEL 


FC62 


CR 


0038 


KSWL 


0001 


LOCI 


FC8C 


SCRL2 


0O3C 


AIL 


0023 


WNDBTM 


FCAO 


CLE0L2 


0040 


A3L 


0027 


GBABH 


FCB4 


NXTA4 


0044 


ASL 


002B 


BAS2H 


FCD6 


WRBIT 


0047 


YREG 


002D 


RMNEI1 


FCEC 


RDBYTE 


004F 


RNDH 


002F 


LAST IN 


FDOC 


RDKEY 


03F2 


SOFTER 


0031 


MODE 


FD35 


RDCHAR 


03FB 


NMI 


0035 


YSAV1 


FD67 


GETLNZ 


COOO 


IOADR 


0039 


KSWH 


0020 


WNDLFT 


C030 


SPKR 


0Q3D 


A1H 


0024 


CH 


C053 


rirxsET 


0041 


A3H 


0023 


BASL 


C057 


HIRES 


0045 


A5H 


00 2C 


H2 


C05B 


CLRAM1 


004B 


STATUS 


002E 


MASK 


C05F 


CLRAN3 


0095 


PICK 


002F 


LENGTH 


CFFF 


CLRROM 


03F4 


PWREDUP 


0032 


INVFLG 


FBOC 


RTMASK 


03FE 


I RQLOC 


0036 


CSWL 


FB26 


VLINEZ 


COOO 


KBD 


003A 


PCL 


F836 


CLRTOP 


C050 


TXTCLR 


003E 


A2L 


FB56 


GBCALC 


C054 


LOWSCR 


0042 


A4L 


F87F 


RTMSKZ 


C058 


SETANO 


0045 


ACC 


FSA5 


ERR 


C05C 


SETAN2 


0049 


SPNT 


FBC9 


MNNDX3 


C060 


TAPEIN 


O20O 


IN 


FBF5 


NXTCOL 


EOOO 


BASIC 


03F5 


AMPERV 


F926 


PRADR3 


F80E 


PL0T1 


0400 


LINE1 


F940 


PRNTYX 


FB2S 


VLINE 


C010 


KBDSTRB 


F94A 


PRBL2 


F838 


CLRSC2 


C051 


TXTSET 


F956 


PCADJ3 


F864 


SETCDL 


C055 


HISCR 


F9A6 


FMT2 


F882 


INSDS1 


C059 


CLRANO 


FA 00 


MNEMfl 


F8A9 


GETFMT 


C05D 


CLRAN2 


FA62 


RESET 


F8D0 


I NSTDSP 


C064 


PADDLO 


FAA3 


NOFIX 


FSF9 


PRMN2 


E0O3 


BASIC2 


FAB A 


SLOOP 


F92A 


PRADR4 


FS19 


HLINE 


FAE4 


RDSP1 


F941 


PRNTAX 


FB31 


RTS1 


FBI 1 


XLTBL 


F94C 


PRBL3 


FB3C 


CLRSC3 


FB2E 


RTS2D 


F95C 


PCADJ4 


FB71 


SCRN 


FB4B 


SETWND 


F9B4 


CHAR 1 


FB8C 


INSDS2 


FB6F 


SETPWRC 


FA40 


IRQ 


FBBE 


MNNDX1 


FB97 


ESC OLD 


FA6F 


I N I TAN 


FBD4 


PRNTOP 


FBDO 


BASCLC2 


FAA6 


PWRUP 


F910 


PRADRl 


FBFO 


STORADV 


FAC7 


NXTBYT 


F930 


PRADR5 


FC10 


BS 


FAFD 


PWRCON 


F944 


PRNTX 


FC2B 


RTS4 


FBI 9 


RTBL 


F953 


PCADU 


FC5B 


HOME 


FB2F 


INIT 


F961 


RTS2 



I— 

m 
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row a 

F9BA 


CHAR 2 


F9 1 4 


PRADR2 


FDFO 


CQUT 1 


FA4C 


BREAK 


F93B 


RELADR 


FEOB 


BTQR 


FAS 1 


Mfc.wriuN 


F '948 


PRSLNK 


FE20 


LT 


FAA9 


r~* c t n /"\ »n 

SE.TPG3 


F954 


PCADJ2 


FE5B 


VF YOK 


FAD7 


REGDSP 


F962 


FMTI 


FE78 


AiPCLP 


FB02 


DISK ID 


F9C0 


MNEML 


FEB6 


SETIFLG 


■ — n « i — 

F B 1 h 


PREAD 


FA59 


OLDBRK 


I — rnn 

FE93 


SETV I D 


FB39 


SETTXT 


FA9B 


FIXSEV 


FEA7 


I0PRT1 


FB£»0 


APPLEI I 


FAAD 


SETPLP 


FEB6 


GO 


FB8B 


KBDWAI T 


FADA 


RGDSF 1 


FECA 


USR 


FB'AS 


ESC NEW 


FB09 


T I TLE 


f ef;f 


WRBYT2 


FBE4 


BELL 2 


FB25 


PREAD2 


FF16 


RD3 


FBFC 


RTS3 


FB40 


SETGR 


FF44 


RESTR 1 


FC22 


vTAB 


FB65 


STI TLE 


FF65 


MON 


FC42 


CLREQP 


FB94 


NQWA I 1 


FF8A 


DIG 


FC66 


L.r 


FBC1 


BASCALC 


FFA7 


GETNUfl 


FC95 


5CRL3 


FBEF 


RTS2B 


FFCC 


CHRTBL 


FCAB 


wai r 


FBFD 


VIDOUT 


FD84 


ADDINP 


FCEA 


NXTA 1 


FC24 


VTAB 2 


FDA3 


XAMB 


FCDB 


ZERDL Y 


FC46 


CLEOP 1 


FDC5 


RTS4C 


FCEE 


RDB YT2 


FC70 


SCROLL 


FDfc J 


PRHEX 


FD1B 


KEY IN 


FC9C 


CLREQL 


FDF6 


COUTZ 


FD3D 


NOTCR 


FCA9 


WAIT2 


FE17 


RTS5 


FD6A 


GETLN 


FCC8 


RTS4Q 


FE22 


LT2 


0021 


i ix mi ir\ yi_i 

WNDWDTH 


FCE2 


ONEDLY 


FE5E 


L I ST 


0025 


Cv 


FCFA 


RD2B IT 


FE7F 


A1PCRTS 


0027 


BASH 


FD21 


KEYIN2 


FEB9 


SETKBD 


002C 


1 MAI CM 


FD5F 


NOTCR 1 


FE95 


QUTPORT 


002E 


/~- ii 1 1 e~ i im 
LHKbUn 


FD71 


BCKSPC 


FEA9 


I QPRT2 


002F 


SIGN 


FD75 


NXTCHAR 


FEBF 


REGZ 


0033 


PROMPT 


FD92 


PRA 1 


FECD 


WR I TE 


0037 


CSWH 


FDB3 


XAM 


^EFi- 


CRMON 


003B 


PCH 


FDD1 


ADD 


FF2D 


PRERR 


003F 


A2H 


FDED 


COUT 


FF4A 


SAVE 


0043 


A4H 


FE04 


BLANK 


FF69 


MONZ 


0046 


XREG 


FE1D 


SETMDZ 


FF90 


NX TB IT 


004E 


RNDL 


FE36 


WFY 


FFAD 


NXTCHR 


03FG 


BRKV 


FE75 


A1PC 


FFE3 


SUBTBL 


03F8 


USRADR 


FE84 


SETNORM 


FD8E 


CROUT 


07F8 


MSLOT 


FE8D 


INPRT 


FDAD 


MDD8CHK 


C020 


TAPEOUT 


FE9B 


IOPRT 


FDC6 


XAMPM 


C052 


MIXCLR 


FEB3 


BASCONT 


FDE5 


PRHEXZ 


C05o 


LORES 


FEC4 


STEPZ 


FEOO 


BL1 


C05A 


SETAN1 


FEED 


WRBYTE 


FE1B 


5ETM0DE 


COSE 


SETAN3 


FFOA 


RD2 


FE2C 


MOVE 


C070 


PTRIG 


FF3F 


RESTORE 


FE63 


LIST2 


FBOO 


PLOT 


FF59 


OLDRST 


FEBO 


SETINV 


FB1C 


HL I IME 1 


FF7A 


CHRSRCH 


FEBB 


IMPORT 


FB32 


CLRSCR 


FFA2 


NXTBS2 


FE97 


DUTPRT 


FB47 


GBA5CALC 


FFC7 


ZMODE 


FEBO 


XBASIC 


FB79 


SCRN2 


FD7E 


CAPTST 


FEC2 


TRACE 


FB9B 


I EVEN 


FD96 


PRYX2 


FED4 


WR 1 


F8C2 


MNNDX2 


FD06 


DATAOUT 


FEFD 


READ 


FBDB 


PRNTBL 


FDDA 


PRDYTE 


FF3A 


BELL 
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FF4C SAV1 
FF73 NXTITM 
FF9Q NXTBAS 
FFDE TOSUB 



SYMBOL TABLE 
(ALPHABETICAL ORDER) 



0O3D A1H 
FE7F A1PCRTS 
0040 A3L 
0044 A5L 
FBF4 ADVANCE 
002A BAS2L 
0029 BASH 
FD71 BCKSPC 
FEOO BL1 
FC10 SS 
F9BA CHARS 

0024 CH 
C059 CLRANO 
FC9C CLREOL 
FB3C CLR5C3 
FDED COUT 
FC62 CR 

0025 CV 
FBA5 ERR 
FB97 ESCOLD 
F9A6 FMT2 

0026 GBASL 
FD6A GETLN 
FCC9 HEADR 
F019 HLINE 
0200 IN 
FBB2 INSDSl 
COOO IDADR 
03FE IRQLDC 
COOO KBD 
0Q38 KSWL 
0400 LINE1 
0000 LOCO 
FE22 LT2 
C053 MIXSET 
F8C2 MNNDX2 
FF69 MGNZ 
FA81 NEWMQN 
FD5F NDTCR1 
FF98 NXTBAS 
FD75 NXTCHAR 
FA59 OLDBRK 
FE97 OUTPRT 



F956 PCADJ3 
0095 PICK 
F910 PRADR1 
F930 PRADR5 
FDDA PRBYTE 
FDE3 PRHEX 
F8DB PRNTBL 
0033 PROMPT 
03F4 PWREBUP 
FF16 RD3 
FD35 RDCHAR 
FAD7 REGDSP 
FF3F RESTORE 
004F RNDH 
F87F RTMSKZ 
F961 RTS2 
003C AIL 
003F A2H 
0043 A4H 
0045 ACC 
03F5 AMPERV 
FBC1 BASCALC 
EOOO BASIC 
FBD9 BELLI 
FE04 BLANK. 
FD62 CANCEL 
002E CHKSUM 
FCAO CLE0L2 
C05B CLRAN1 
FC42 CLREDP 
FS32 CLRSCR 
FDFO C0UT1 
FEF6 CRMON 
FDB6 DATAQUT 
FC3C ESC1 
FD2F ESC 
002E FORMAT 
F856 OBCALC 
FFA7 GETNUM 
C057 HIRES 
FC5B HOME 
FB2F INIT 
F8BC INSDS2 



FEA7 IOPRTl 

FA40 IRQ 

FD1B KEY IN 

002F LAST IN 

FE5E LIST 

0001 LOCI 

FE20 LT 

F9C0 MNEML 

F8C9 NNNDX3 

FF6 5 MON 

03FB NMI 

FB94 NOWAIT 

FF90 NXT3IT 

FFAD NXTCHR 

FF59 OLDRST 

C064 PADDLO 

F95C PCADJ4 

F80E PL0T1 

F914 PRADR2 

F94A PRDL2 

FB IE PREAD 

FDE5 PRHEX Z 

F8D4 PRNTCP 

FD9A PRYX2 

FAA6 PWRUP 

FCFD RDBIT 

FDOC RDKEY 

FEBF REGZ 

FF44 RESTR1 

004E RNDL 

F831 RTS1 

FBFC RTS3 

FE7B AlPCLP 

003E A2L 

0042 A4L 

FDB4 ADD 1 NP 

FB60 APPLE I I 

FBDO BASCLC2 

E003 BASIC2 

FBE4 BELL 2 

FA4C BREAK 

FD7E CAPTST 

FF7A CHR5RCH 
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b 

LT 

LT 
LT 
L 3 
L~ 
\S 
\- 

i " 

LT" 
LT 
LZ 
LT 

C 

LI 

Is 



FC9E 


CLEOLZ 


FF3A 


BELL 


W \J^J\s 


jl i nNt 


C05D 


CLRAN2 


03F0 


BRKV 


r L U □ 


□L 1 1 r LU 


CFFF 


CLRROM 


F9B4 


CHAR! 


i C J- o 


□ C. ■ 1 IUL/C 


Facte 


CLRTQP 


FFCC 


CHRTBL 


r U Or 




FDFfc 


COUTZ 


FC46 


CLEOP i 






0037 


CSWH 


C05F 


CLRAN3 




QPkiT 


FFBA 


DIG 


F83B 


CLRSC2 


P LL'IJ 


CTflB 


FBA5 


ESC ME U 


0030 


COLOR 


W VOV 


TAPF T M 
* nr r_ i m 


FA9B 


FIX5EV 


FDBE 


CROUT 


r t— 




FB47 


GBA5CALC 


0036 


CSWL 






FBA9 


GETFMT 


FB02 


DISK ID 


1 L_ J O 


vr i Ljr\ 


FED6 


GO 


FB9B 


ESCNOW 


PROD 


ui r mf 

V I L IVC 


C055 


HISCFf 


F962 


FMT1 


r unu 




FB9B 


I EVEN 


0027 


GBASH 






FE8B 


INPQRT 


FD67 


GETLNZ 


FEEF 




FBDO 


INSTDSP 


002C 


HS 


FDA3 


X AM8 


FEA9 


IDPRT2 


FB1C 


HL I NC 1 


FB 1 1 


XLTBL 


C010 


KBDSTRB 


FA6F 


INI TAN 


CKJ34 

WW W ' 


VRAU 


FD21 


KEVTN2 


FEBD 


INPRT 


r \— D w 


w rM_ c 


002F 


LENGTH 


0032 


INVFLS 


FC70 


SCRQl 1 

•JUIVULL 


FE63 


LI ST2 


FE9B 


IOPRT 


W \> - ■ 1— 


on 1 nl»u 


C056 


LORES 


FBBS 


KBDWAlT 


« E. W> w 


CCT T Mil 
OE. 1 X IM V 


002E 


MASK 




r\ovf n 


EC Dfl 

r CD 4 * 


5FTMD0M 


FAOO 


MNEMR 


FC66 


IF 

f 


r u J>7 


3C 1 1 A 1 


FDAD 


MDD8CHK 

• ' W \J W 1 


002C 


LKNEM 


"Hum 




FE2C 


MOVE 


C054 






ami Us 


FAA3 


NQFI X 


C032 


1 1 1 AL 1 n 


r Dr\J 


Id 1 UnnLJv 


FCBA 


NXTA1 


F8BE 


MNNDX 1 




TAPCrii IT 


FFA2 


NXTBS2 


0031 


MODE 


crmn 


TYTPI P 
1 rt 1 \j l_FT 


F8F5 


NXTCOL 


07FB 


MSLOT 


uJr O 




FCE2 


ONEDLY 


FD3D 


NOTCR 


r Dr JJ 


u t nni it 


F954 


PCADJS 


FCB4 


NXTA4 


1 V. C *T 




003B 


PCH 


FAC7 


NXTBYT 


jrr a a 
r V nn 


UAI TI 


F800 


PLOT 


FF73 


NXTITM 




wi 4uw u i n 


F926 


PR ADR 3 


FE95 


OUTPORT 


r ctu 


L!R n V TP" 
r»rn ij i It 


F94C 


PRGL3 


F953 


PCADJ 


f w O 


VAMPH 
A ril TI 1 


FE25 


PREAD2 


003A 


PCL 


HAfl A 
VVf D 




F8F9 


PRMN2 




PR A 1 




7 P"P ni v 


F944 


PRNTX 


F92A 


PRADRi 


FF4C 


SAV1 




PTP TP 




poni KILT 




i r ni 

aLKLJ 


FCFA 


RD2BIT 


FF2D 


PRERR 


C058 


SETAN0 


FCEE 


RDBYT2 


F941 


PRNTAX 


FB64 


SETC0L 


FAE4 


RDSP1 


F940 


PRNTYX 


FEB9 


SETKBD 


F938 


RELADR 


FAFD 


PWRCDN 


FAAV 


SETPG3 


FADA 


RGDSP1 


FFOA 


RD2 


FE93 


SETVID 


FB19 


RTBL 


FCEC 


RDBYTE 


03F2 


S0FTEV 


FBEF 


RTS2B 


FEFD 


READ 


FEC4 


STEPZ 


FCCB 


RTS4B 


FA62 


RESET 


FFE3 


SUBTBL 


FE75 


A IPC 


002 D 


RMNEN 


FB09 


TITLE 


0041 


A3H 


F80C 


RTMASK 


C051 


TXTSET 


0045 


A5H 


FB2E 


RT52D 


002D 


V2 


FDD1 


ADD 


FDC5 


RTS4C 


FB78 


VIDUA IT 


002B 


BAS2H 


FE17 


RT55 




VTAB 


FEB3 


BASCONT 


FC2B 


RTS4 


0023 


WNDBTH 


002B 


BASL 


FC76 
FB79 


SCRL1 
SCRN2 


FED4 


WR1 
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LID I TC 

rvn l i l 




V AM 






err 7 


£1 1 LIU 


FF4A 


SAVE 




SCRN 


C03A 


SETAN 1 




1 — ■ un. 


FE1D 


SETMDZ 


FAAB 


SETPLP 


FB4B 


SETWIMD 


C030 


SPKR 


FB65 


STI FLE 


FB5B 


TAD V 


FFBE 


TOSUB 


FC1A 


UP 


FE36 


VFV 


FB26 


VLINEZ 


FCA9 


WAITS 


0020 


WNDt-FT 


FCDA 


WRBIT 


FCE5 


WRTAPE 


FEBO 


XBASIC 


0035 


YSAV1 



at 



B! 
S 

E 

SYMBOL TABLE SIZE ^_ 
2589 BVTES USED 

2531 BYTES REMAINING — 

ft 

SLIST 4A =£ 



k 

s 



176 



6502: The manufacturer's name for the microprocessor ai the heart or your Apple. 

Address: As a noun: ihe particular number associated with each memory location. On the _ 

Apple, an address is a number between 9 and 65535 lor and SFFFF hexadecimal). As a fc— 
verb: lo refer to a particular memory location. 

Address Bus: The set of wires, or the signal on those wires, which carry the binary-encoded fc" 
address from the microprocessor to the rest of the computer. 

fcr 



Addressing mode: The ApplcV6502 microprocessor has thirteen distinct ways of referring to 
most locations in memory. These thirteen methods of forming addresses are culled addressing 
modes. 



Analog: Analog measurements, as opposed lo digital measurements, use an continuously vari- 

able physical quantity (such as length, voltage, or resistance) to represent values. Digital meas- *~ 
uremenis use precise, limited quantities 'such as presence or absence of voltages or magnetic 

fields) to represent values. — • 

AND: A binary function which is "on" if and only if all of its inputs are "on". E 



Apple: 1. The round fleshy fruit of a Rosaceous tree (Pyrus Malus). 2. A brand of personal 
computer 3) Apple Computer, Inc.. manufacturer of home and personal computers. 

ASCII: An acronym for the American Standard Code for Information Inlerchange (often called ^ 
"USASCH" or misinterpreted as "ASC-II"). This standard code assigns a unique value from 
to 127 to each of 128 numbers, letters, special characters, and control characters. 

fc 

Assembler; I) One who assembes electronic or mechanical equipment. 2) A program which 
converts the mnemonics and symbols of assembly language into the opcodes and operands of C 
machine language. 

Assembly language: A language similar in structure to machine language, but made up of 5? 

mnemonics and symbols. Programs written in assembly language are slighlly less difficult to write 

and understand than programs in machine language. £ 

BASIC: Acronym for '"Beginner's All-Purpose Symbolic Instruction Code" BASIC is a higher- 

level language, similar in structure lo FORTRAN but somewhat easier to learn. It was invented 
by Kemney and Kurtz at Dartmouth College in 1963 and has proved to be Ihe most popular 
language for personal compuiers. 5E 

Binary: A number system with two digits. "0" and "1", with each digit in a binary number _ 

representing a power of two. Most digital computers are binary, deep down inside. A binary sig- 

nal is easily expressed by the presence or absence of something, such as an electrical potential or 

a magnetic field 2 

Binary Function: An operation performed by an eleclronic circuit which has one or more inputs 

and only one output. All inputs and oulputs are binary signals. See ANQ OR, and Ewlusive-OR. J» 

Bit: A Binary digIT The smallest amount of information which a computer can hold. A single £ 
bil specifies a single value: "9" or "1". Bits can be grouped to form larger values (see Byie and 
Nibble). 

J* 

Board: See Printed Circuit Board 
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Bootstrap ("boot"): To get a system running from a cold-nan. The name tomes from the 
machine's attempts to "pull itsef off the ground by lugging on its own bootstraps.'" 

Buffer: A device or area of memory which is used to hold something temporarily. The "picture 
buffer'" contains graphic information to be displayed on the video screen: the "input buffer" 
holds a partially formed input line. 

Bur: An error. A hardware bug is a physical or electrical malfunction or design error. A software 
bug is an error in programming, either in the logic of the program or typographical in nature. See 
"feature" 

Bus: A set of wires or traces in a computer which carry a related set of data from one place to 
another, or the data which is on such a bus. 

Byte: A basic unit of measure or a computer's memory. A byie usualy comprises eight bits. 
Thus, it can have a value from to 255. Each character in the ASCII can be represented in one 
byte. The Apple's memory locations are all one byte, and the Apple's addresses of these loca- 
tions consist of two bytes. 

Call: As a verb: to leave the program or subroutine which is currently executing and to begin 
another, usualy with the intent to return to the original program or subroutine. As a noun: an 
instruction which calls a subroutine. 

C haracter: Any graphic symbol which has a specific meaning to people. Letters (boih upper- and 
lower-case), numbers, and various symbols (such as punctuation marks) are all characters, 

Chip: See Integrated Circuit 

( ode: A method of representing something in lerms of something else. The ASCII code 
represents characters as binary numbers, the BASIC language represents algorithms in terms of 
program statements. Code is also used to refer to programs, usually in hm-tcirl languages. 

Cold-start: To begin to operate a computer which has just been turned on. 

Color burst: A signal which color television sets recognize and convert to the colored dots you 
see on a color TV screen. Without Ihe color burst signal, all pictures would be black-and-white. 

Computer: Any device which can rccieve and store a set of ins/ructions, and then act upon those 
instructions in a predetermined and predictable fashion The definition implies that both Ihe 
instruction and ihe data upon which the instructions act can be changed. A device whose instruc- 
tions cannot be changed is not a computer. 

Control (CTRL) character: Characters in the ASCI! character set which usually have no graphic 
representation, but are used lo conlrol various functions. For example, ihe RETURN control 
character is a signal to the Apple that you have finished typing an input line and you wish the 
computer to act upon it, 

CRT: Acronym for "C athode-Ray Tube", meaning any television screen, or a device containing 
such a screen. 

Cursor: A special symbol which reminds you of a certain position on something The cursor on 
a slide rule lets you line up numbers: the cursor on the Apple's screen reminds you of where you 
are when you are typing. 
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Data (datum): Information of any type. 
l>rhui>: To find bugs and eliminate ihem. 

DIP: Acronym for "Dual In-line Package", the most common container for an Integrated Cir- 
cuit. DIPs have two parallel rows of pins, spaced on one-tenth of an inch centers. DIPs usually 
come in 14-, 16-, 1 8-. 20-. 24-. and 40-pin configurations. 

Disassembler: A program which converts the opcodes of machine language to the mnemonics or 
assembly language. The opposite of un assembler. 

Display: As a noun: any sort of output device for a computer, usually a video screen. As a 
noun: to place information on such a screen. 

Edge connector: A socket which mates with the edge of a primed vircuii hoard in order to 
exchange electrical signals. 

Entry point: The location used by a machine-language subroutine which contains the first exe- 
cutable instruction in thai subroutine, consequently, often the beginning of the subroutine 

Excustve-OR: A binary function whose value is "ofF only if all or its inputs are "ofT. or all of 
its inputs are "on" 

Execute: To perform the intention of a command or instruction. Also, to run a program or a — 
porlion of a program. 

Feature: A bug 88 described by the marketing department. fed 

Format: As a noun: the physical form in which something appears. As a verb: to specify such a _ 
form. 

Graphic: Visible as a distinct, recognizable shape or color. to 
Graphics: A system to display graphic items or a collection of such ilems. 
Hardware: The physical parts of a computer 



Hexadecimal: A number system which uses the ten digits fl through 9 and the six letters A 
through F to represent values in base 16. Each hexadecimal digit in a hexadecimal number 
represents a power of 16 tn this manual, all hexadecimal numbers are preceded by a dollar sign 

<S). 

High-level Language; language which is more intelligible to humans than it is to machines. 

High-order: The most important, or hem with the highest vaue. of a set of similar items The 
high-order bit of a byte is thai which has the highest place value. 

High part: The high-order byte of a two-byte address. In decimal, the high part of an address is 
the quotient of the address divided by 256 In the 6502. as in many other microprocessors, the 
high part of an address comes last when that address is stored in memory. 
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Hz (Hertz>: Cycles per second. A bicycle wheel which makes two revolutions in one second is j 
running at 21 Iz. The Apple's microprocessor runs at 1. 02.1.000Hz. 
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I/O: See InputlOiiiput. 
■~ IC: Sec I nitrated Circuit . 

_ Input: As a noun: data which (lows from the outside world into the computer. As a verb: to 
obtain data from the outside world, 

~ Input/Output (I/O): The software or hardware which exchanges data wilh Ihe outside word. 

^5 Instruction: The smallest portion of a program that a computer can execute. In 6502 machine 
language, an instruction comprises one. two. or three bytes: in a higher-level language, instruc- 
ts lions may be many characters long. 

Integrated circuit: A small (less than the sue of a fingernail and about as ihin) wafer of a glassy 
"2 material (usually silicon) into which has been etched an electronic circuit A single IC can con- 
tain from ten to ten thousand discrete electronic components. ICs are usually housed in DIPs 
^ (sec above), and the term IC is sometimes used to refer to both the circuit and its package. 

Interface: An exchange of information between one thing and anolncr. or the mechanisms 
which make such an exchange possible. 

£S Interpreter: A program, usualy written in machine language, which understands and executes a 
~ " higher-level language. 

"U* Interrupt: A physical effect which causes the computer to jump to a special interrupi-handhng 
subroutine. When the interrupt has been taken care of, the computer resumes execution of the 
25 interrupted program with no noticeable change. Interrupts are used to signal the computer thai a 
• particular device wants attention. 

K: Stands for the greek prefix "Kilo", meaning one thousand. In common compuicr-rcated 
usage. "K" usually represents the quantity 2 , or 1024 (hexadecimal S400). 

— Kilobyte: 1.024 bytes. 

Language: A computer language is a code which (hopefully!) both a programmer and his com- 
puter understand. The programmer expresses what he wants to do in this code, and the com- 
puter understands ihe code and performs the desired actions. 

Line: On a video screen, a "line" is a horizontal sequence of graphic symbols extendtng from 
one edge of the screen to Ihe other. To the Apple, an input tine is a sequence of up to 254 char- 
acters, terminated by the control character RETURN. In most places which do not have personal 
computers, a line is something you wait in to use the computer. 

Low-level Language: A towsKasf which is more intelligible to machines than it is to humans 

L«w-onl*r: The least important, or item with the least vaue. of a set of items. The low-order bit 
in a byte is the bit wilh the least place vaue. 

Low pari: The law-order byte of a two-byte address. In decimal, the low part of an address is the 
remainder of the address divided by 256, also called the "address modulo 256." In Ihe 6502, as 
in many other microprocessors, the low part of an address comes first when that address is stored 
in memory. 

Machine language: The lowest level language which a computer understands. Machine 
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languages are usually binary in nature. Instructions in machine language are single-byte opevttes 
sometimes followed by various operands. 

Memory address: A memory address is a two-byle value which selects a single memory location 
out of the memory map. Memory addresses in the Apple are stored with their low-order bytes 
first, followed by their high-order bytes. 

Memory location: The smallest subdivision of the memory map to which the computer can 
refer. Each memory location has associated with it a unique address and a certain value. Memory 
locations on the Apple comprise one byte each. 

Memory Map: This term is used to refer to the set of all memory locations which the micropro- 
cesor can address directly. It is also used to describe a graphic representation of a system's 
memory. 

Microcomputer: A term used to described a computer which is based upon a microprocessor. 

Microprocessor: An integrated circuit which understands and executes machine language pro- 
grams. 

Mnemonic: An acronym lor any other symbol) used in the place of something more difficut to 
remember. In Assembly Language, each machine language opcode is given a three letter 
mnemonic tfor example, the opcode S60 is given the mnemonic RTS, meaning '"ReTurn from 
Subroutine"!. 

Mode: A condition or set of conditions under which a certain set of rules apply. 

Modulo: An arithmetic function with two operands. Modulo takes the first operand, divides it by 
the second, and returns the remainder of the division. 

Monitor: I) A closed-circuit television receiver, 2) A program which allows you to use your 
computer at a very low level, often with the values and addresses Of individual memory locations. 

Multiplexer: An electronic circuit which has many data inputs, a few selector inputs, and one 
output. A multiplexer connects one of its many data inputs lo its output. The data input it 
chooses to connect to the output is determined by the selector inputs. 

Mux: Sec Multiplexer. 

Nybble: Colloquial term for half of a byte, or four bits. 

Opcode: A machine language instruction, numerical (often binary) in nature 

OK: A binary function whose value is "on" if at least one of its inputs are "on". 

Oulpul: As a noun, data generated by the computer whose destination is the real world. As a 
verb, the process of generating or transmitting such data. 



Pascal: A noted French scientist. 
PC board : See Pruned Cmuii Board 
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Page: 1) A screenful! of information on a video display. 2) A quantity of memory locations, 
addressible with one byte. On the Apple, a "page" of memory contains 256 locations. V 



182 



> 
E 



b 

i 

i ' 



i:; 

i . 

i :; 

U 



Peripheral: Soinelhing attached to ihe computer which is not pari of the computer itself Most 
peripherals are input and/or output devices. 

Personal Computer: A computer with memory, languages, and peripherals which arc well-sutied 
for use in a home, office, or school. 

I'inout: A description of Ihe Function of each pin on an IC, often presented in the form of a 
diagram. 

PnlvnlimiK'teT: An electronic component whose resistance to the flow of electrons is propor- 
tional to the setting of a dial or knob. Also known as a "pot" or "variable resistor". 

Piloted Circuit Board: A sheet of fiberglass or epoxy onto which a thin layer of metal has been 
applied, then etched away to form traces. Electronic components can ihen be atlatched to the 
board with molten solder, and they can exchange electronic signals via Ihe etched traces on the 
board. Small printed circuit boards are often called "cards", especially if they are meant to con- 
nect with edge connectors. 

Program: A sequence of instructions which describes a process, 

PROM: Acronym for "Programmable Read-Only Memory'. A PROM is a ROM whose contenis 
can be altered by electrical means. Information in PRQMs does not disappear when the power is 
turned off. Some PROMs can be erased by ultraviolet light and be reprogrammed. 

RAM: See Random-Access Memory, 

Random-Access Mcmon CRAM): This is Ihe main memory of a computer. The acronym RAM 
can be used to refer either to the integrated circuits which make up this type or memory or the 
memory itself. The computer can store values in distinct locations in RAM and recall them 
again, or alter and re-store Ihem if it wishes, On the Apple, as with most small computers, the 
values which are in RAM memory are lost when the power to the computer is turned off. 

Read-Only Memory (ROM): This type of memory is usually used 10 hold important programs 
or data which must be available to the computer when the power is first turned on Information 
in ROMs is placed there in the process of manufacturing the ROMs and is unalterable. Informa- 
tion stored in ROMs does not disappear when Ihe power is turned off. 



Reference: I I A source of information, such as this manual. 2) As a verb, the action of examin- 
ing or altering the contents of a memory location. As a noun, such an action. 



Return: To exil a subroutine and go back lo the program which called it 
ROM: See Read-Only Memory. 

Run: To follow the sequence of instructions which comprise a program, and to complete the 
process outlined by the instructions. 

Scan line: A single sweep of a cathode beam across the face of a cathode-ray tube. 

Schematic: A diagram which represents the electrical interconnections and circuitry of an elec- 
tronic device. 

Scroll: To move all the text on a display (usually upwards) to make room for more (usually al 
the bottom). 
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Soft switch: A two-position switch which can be "thrown" either way by the software of a com- 
puter. 

Software: The programs which give the hardware something to do. 

Slack: A reserved area in memory which can be used to store information temporarily. The 
information in a slack is referenced not by address, bui in the order in which it was placed on the 
slack. The last datum which was "pushed" onto the stack will be the first one to be "popped" 
off it. 

Strobe: A momentary signal which indicates the occurrence of a specific event. 

Subroutine: A segment of a program which can be executed by a single rati Subroutines are 
used to perform the same sequence of instructions at many different places in one program 

Syntax: The structure of instructions in a given language If you make a mistake in entering an 
instruction and garble the syntax. Ihe compuler sometimes culls this a "SYNTAX ERROR " 

Text: Characters, usually letters and numbers. " Text" usually refers to large chunks of English, 
rather than computer, language. 

Toggle switch: A two-position switch which can only flip from one position to Ihe other and 
back again, and cannot be directly set either way. 



Video: 1 1 Anything visual 21 Information presented on the face of a cathode-ray tube. 



Window: Something oul of which you jump when the power fails and you lose a large program. 
Really: a reserved area on a display which is dedicated to some special purpose. 



Trace: An etched conductive path on u Primed-Cinuit Board which serves to electronically con- 
ned components. 



Warm-start: To restart the operation of a computer after you have losi control of its language or to 
operating system. 
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Here are some other publications which you might enjoy: 



The Apple II Monitor Peeled 

This book contains a thorough, well-done description of the operating subroutines within the 
Apple's original Monitor ROM. 



This manual is available from Sybex Incorporated. 2020 Milvia, Berkeley. CA 94704. It should 
also be available hi your local computer retailer or bookstore. Order book number C202 



This is also available from Sybex, Order book number 13302. 



System Description: The Apple II 

Written by Steve Wo?niak, the designer of the Apple computers, this ankle describes the basic 
construction and operation of the Apple II. 

This article was originally published in the May. 1977 issue of BYTE magazine, and is available 
from BYTE Publications, lnc Peterborough. NH 30458. 
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Synertek/MOS Technology 65011 Programming Manual 

This manual is an introduction to machine language programming for the MC6502 microproces- 
sor. It describes the machine lanuage operation of the Apple's microprocessor in meticulous jj£ 
detail. However, it contains no specific information about the Apple. 

This book is available from Apple. Order part number A2L0003. 5t 



Synertek/MOS Technology 6500 Hardware Manual 

This manual contains a detailed description of ihe internal operations of the Apple's 6502 
microprocessor. H also has much information regarding interfacing the microprocessor to exter- 
nal devices, some of which is pertinent to the Apple. 

This book is also available from Apple Order part number A2LOO02 
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This is available from the author: St 
Williiim E. Dougherty 

14349 San Jose Street ** 
Los Angeles, CA 91345 



Programming the 6502 

This book, written by Rodnay Zuks. is an excellent tutorial manual on machine and assembly- 
language programming for Ihe Apple's 6502 microprocessor. 



65112 Applications ■* 

This book, also written by Rodnay Zaks, describes many applications of the Apple's 6502 
microprocessor. jj 



SWEET16: The 65»2 Dream Machine 

Also written by Sieve Wozniak, this article describes Ihe SWEET16* interpretive machine 
language enclosed in ihe Apple's Integer BASIC ROMs. 

This article appeared in the October. 1977 issue of BYTE maga/ine. and is available from BYTE 
Publications, Inc. Peterborough. NH 30458 



More Colors for your Apple 

This article, wnncn by Allen Watson III. describes in detail the Apple High-Resolution Graphics 
mode. Also included is a reply by Sieve Wozniak. the designer of the Apple, describing a 
modification you can muke to update your Revision % Apple to add the two extra colors available 
on the Revision 1 board. 

This article appeared in the June. 1979 issue or BYTE magazine, and is available Tram BYTE 
Publications. Inc, Peterborough. NH 30458. 

Call APPLE (Apple Pupet Sound Program Library Exchange) 

This is one "I" the largest Apple user group newsletters. For information, write: 

Apple Puget Sound Program Library Exchange 
6708 39th Ave. Southwest 
Seatte, Wash.. 98136 



The Cider Press 

This is another large club newsletter. For information, write: 
The Cider Press 

efo The Apple Core of San Francisco 
BOX 4816 

San Francisco, C A 94101 
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Apple, photo of the 2 

Apple power supply, the 2. 92 

Apple, setting up the , ,...,2 

Apples, varieties of 25 

ASCII character code 5. 6. 7. 8. 15 

ASCII codes, keys and 7 

Autostart ROM listing Appendix C 

Autostart ROM Reset 36 

Autostart ROM special locations 37 

Autostart ROM 25 

auxiliary video connector 9 

.. B •■ 

backspace character 30 

backspace key 34 

BASIC, entering 34. 54 

BASIC, reentering 34, 54 

bell character 31 

block pinout. configuration 71 

blocks, RAM configuration 70 

board I/O. peripheral 79 

board. Revision 3, 26 

board. Revision I 3, 26 

board, the Apple mam 3, 89 

board schematic, main 110 

buffer, picture 12 

buffer, input „ 33 

built-in I/O 78. 98 



buses, address and data 88. 90 

byte, power- up 37. 65 

.. C - 

card, Apple Language 3 

card, Apple Firmware 73 

cassette interlace jacks ..22. 103 

cassette interface 22 

cassette tape, saving to 46 

cassette tape, reading from, 47 

changing memory 43 

character code. ASCII 5, 6, 7, 8. 15 

character, backspace , 30 

character, line-feed 30 

character, RETURN., 30 

character, bell 31 

characters, prompting 33 

characters, keyboard 7. 8 

characters, control 7 

clearing the keyboard strobe .....6 

code. ASCII character 5. 6, 7. 8, 15 

codes, escape 34 

codes, keys and ASCII 7 

cold start 36 

colors, Low-Res II, 17 

colors, High-Res II, 19, 26 

colors, European High-Res 20 

command loops. Monitor 56 

commands, creating your own 57 

commands, summary or Monitor 59 

comparing memory 46 

configuration block pinout 71 

configuration blocks. RAM 70 

configuration. RAM memory 70 

connector pinout, peripheral 106 

connector, keyboard 5, 102 

connector, power 104 

connector, speaker 105 

connector. Game I/O 23, 100 

connector, auxiliary video 9 

connector, video 9 

connectors, peripheral 3, 105 

connnector pinouls, keyboard 103 

control characters 7 

control values. Normal/Inverse 32 

Controllers, Game 24. 100 

COUT, KEY1N switches 83 

COUT standard output subroutine , 30 

creating your own commands 57 

CSW/KSW switches 83 



90 



cursor ...„..„, 30 

cursor, output ...30 

cycle, the RESET , 36 

- I) - 

data buses, address and 90 

duia, addresses and 40 

debugging programs 51 

display special locations, video 13 

display, video .....9 

- E .. 

editing an inptiL line 33 

editing features. 25 

entering BASIC 34, 54 

entering the Monitor 40 

entry vector, soft 37 

escape (ESC) codes .34 

Eurapple 50Hz modification 10 

European High-Res colors 20 

examining memory 41 

expansion ROM.. ....84 

feature, the Slop-List 26, 30 

features, inpul/outpul 20 

features, cdiling .25 

features, keyboard 5 

features, microprocessor 88 

features, power supply 92 

Firmware card. Apple 73 

<"flag"> inputs, one-bit 24, 78 

formal, Text screen 16 

format, Low-Res screen 18 

formal, High-Res screen 21 

from cassette tape, reading .....47 

•• G -- 

Game Controllers 24 

Game I/O connector 23, 100 

generator, the video... 96 

GETLN and input lines 33 

graphics modes II 

graphics. High-Res 19 

graphics. Low-Res..,..,.,..,....,.. 17 

- H -- 

hexadecimal notation 40 

High-Res colors. European 20 



High-Res graphics , 19 

High-Res screen, the 21 

High-Res video mode, the 19 

High-Res colors.. 19, 26 

.. | „ 

input buffer.... 33 

input line, editing an 33 

input lines, GETLN and 33 

input prompting 32 

input subroutine. RDKEY standard 32 

input/output features 20 

inpui/outpul special locations 25 

input/output 78 

inputs, dala 78 

inputs, one-bit ("flag,") 24, 78 

inputs, analog 24 

inputs, single-bit pushbutton 78 

instruction sel. 6502 Appendix A 

instructions, Mini-Assembler 66 

interface jacks, cassette 22, 103 

interface, cassette 22 

internal registers, 6502 53, 81 

interrupts 65. 107. 108 

inverse text mode 32, 54 

I/O connector. Game ..23, 100 

I/O programming suggestions 80 

I/O special locations 79 

I/O. built-in 78. 98 

I/O. peripheral board. 79 

I/O, peripheral slot 79 

- .1 - 

jacks, cassette interface 22. 103 

jacks, video output 97 

jumper. "USER 1*" 99 

-- K - 

key. backspace ..34 

key, retype 34 

keyboard characters 7, % 

keyboard connector.... 5. 102 

keyboard connnecior pinouts 103 

keyboard features 5 

keyboard schematic 101 

keyboard special locations 6 

keyboard strobe 6. 78. 79. 98. 102 

keyboard sirobe, clearing the 6 

keyboard, review of the 4, 100 

keyboard, reading the 6 

K.EYIN switches. COUT, 83 



191 



keys and ASCII codes 7 

- L - 

Language card. Apple 3, 69 

leaving ihe Mini-Assembler 50 

line, editing an input 33 

line-feed character 30 

lines, GETLN and input 33 

listing. Autostart ROM Appendix C 

listing. Monitor ROM Appendix C 

listing machine language programs 49 

list of special locations Appendix b 

locations, list of special Appendix B 

locations, annunciator special 24 

locations, video display special 13 

locations, input/output special 25 

locations, text window special 31 

locations, Autostart ROM special....... 37 

locations. Monitor special 65 

locations, keyboard special 6 

locations. I/O special 79 

loops. Monitor command 56 

Low -Res colors 17 

Low-Res screen. Ihe 18 

Low-Res video mode, the 17 

lukewarm start 36 

- M ~ 

machine language programs, listing 49 

main board, the Apple 3, 89 

main board schematic 1 10 

map, system memory 68 

maps. «ro page memory 74 

Memory <RAM>, Random Access 3 

Memory (ROM I. Read-Only 3 

memory configuration, RAM 70 

memory map, system 68 

memory maps, zero page 74 

memory pages .....68 

memory, examining 41 

memory, changing 43 

memory, moving 44 

memory, comparing 46 

memory, RAM 68, 95 

memory. ROM 72, 94 

m icroprocessor f eat ures - . , .88 

microprocessor, 6582 3, 88 

Mini- Assembler instructions 66 

Mini- Assembler prompt (!l 50 

Mini- Assembler. Apple 49 

Mini-Assembler, leaving the 50 

mode, the text video 14 



mode, the Low -Res video 17 

mode, the High-Res video 19 

mode, inverse text 32 

mode, normal text 32 

modes, addressing 66 

modes, graphics ,.11 

modification. Eurapple 50Hz ..10 

Monitor command loops 56 

Monitor commands, summary of 59 

Monitor prompt (•) 40 

Monitor ROM RESET 38 

Monitor ROM listing Appendix C 

Monilor ROM 25 

Monitor special locations 65 

Moniior subroutines, some useful.... .....61 

Monitor, entering the 40 

moving memory 44 

multiplexer, RAM address 96 

■- N -- 

normal text mode 32 

Normal/Inverse control values 32 

notation, hexadecimal 40 

number, random , 33 

- O -- 

one (system stack), page 69 

one-bit ("flag") inputs 24, 25, 78 

output cursor , 30 

output jacks, video 97 

output subroutine, GOUT standard 30 

output, utility strobe 25 

outputs, annunciator 23 

outputs, strobe 78 

own commands, creating your 57 

„ p „ 

page memory maps, zero 74 

page one (system stack > 69 

page zero 69, 74 

pages, screen 12 

pages, memory 68 

peripheral board I/O 79 

peripheral connector pinout 106 

peripheral connectors 3, 105 

peripheral slot I/O 79 

peripheral slot RAM 82 

peripheral slot ROM 80 

photo of ihe Apple 2 

picture buffer. 12 

pinout. peripheral connector 106 



192 



: J 
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